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IXTY THOUSAND volts I bear 
On my towers, high in air, 
From the river, frothing white, 
From the turbines’ whirling might, 
To the city ways which beat 
With a million human feet. 
Touch me not—or you will die, 
Yet the city’s life am I, 
And my very force which slays 
Keeps the crowded streets ablaze 
—Lights and signs that glow and gleam 
Like bright figures in a dream. 


When from every towering dome 
Pour the workers, going home, 
When the street-cars, clanging loud, 
Move amid the surging crowd, 

It is I who bring the force 

Which propels them on their course, 
I who lift the evening’s pall, 

I who light the buildings tall, 

Yes, the glare that paints the sky 
From the city—that is I! 


So, along my copper trail, 

Men must watch me, lest I fail, 
Men must risk their lives to care 
For the burden that I bear. 
There’s the city’s work to do 

And the current must go through— 
For the lights that men must burn 
For the myriad wheels that turn, 
All the pleasure, toil and strife, 
Look to me for light and life, 

Yet, though I’m the city’s breath, 
Touch me not—for I am DEATH! 
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She Panama Pacific International Exporilions 





Race Track, Aviation and Athletic Field State and Foreign 
Drill Grounds Stock Exhibit 


Third of its class held in the United States and twelfth 
of its class held anywhere in the world, the Panama- 
Pacific Exposition was officially opened when President 
Wilson touched the button last Saturday. Contrary to 
the usual international expositions, it is not the celebra- 
tion of an anniversary of some past event, but com- 
memorates a modern achievement—the completion of 
the Panama Canal. In its exhibits it is intended to show 
particularly the advance which has been made in the last 
ten years, or since the Louisiana Purchase Exposition. 
There being less of history in it than is usual, it is espe- 
cially interesting to contrast some things contemporane- 
ous with the years of the various World’s Fairs. For ex- 
ample, in the steam-power field, we have, as typical of 
their respective times, the big Corliss walking-beam 
engine at the Centennial Exposition at Philadelphia in 
1876, the quadruple-expansion 2000-hp. Corliss engine at 
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the Columbian Exposition at Chicago in 1893, a 5000-hp. 
angle compound engine and a steam turbine of 2000 kw. 
at the Louisiana Purchase Exposition at St. Louis in 
1904, with turbines as large as 5000 kw. built at that time, 
and now 35,000-kw. turbines, though none of that size 
will be exhibited at San Francisco, the Panama 
Pacific Exposition does not generate its own power 
for lighting and the operation of moving exhibits, but 
purchases its current from the Pacific Gas & Electric 
Co. which has over 90,000 kw. in hydro-electric in- 
stallations and approximately 100,000 kw. in steam in- 
stallations, the steam plants being boosters or auxil- 
iaries in case of breakdown of the hydro-electric sta- 
tions. Three-phase, 60-cycle, alternating current of 11,- 
000 and 4000 volts will be furnished in amount up to 
9000 kw. between 5 and 7:30 in the afternoon of any day 
or up to 15,000 kw. at any other time. The 18,000 kw. 
steam plant of the Sierra & San Francisco Power Co. is 
held in reserve, ready in case of interruption of the Pacific 
Gas & Electric service. The exposition’s secondary dis- 
tribution is at various voltages—117 for lighting, and 
230 and 440 for power. Direct current by conversion 
through motor generators is available at 250-125 volts. 
The Centennial engine drove the machinery by means of 
lineshafts gear-driven from the engine and extending 
throughout the building. 


for 


THE CENTENNIAL ENGINE 


This engine was really a pair of beam-engines and 
formed the most prominent exhibit at the Centennial. 
They operated condensing and were supplied with steam 
at 80 lb. pressure. The valves and valve-gears were Cor 
liss and the cylinders were 40 in. in diameter with 10-ff. 
stroke. The beams were 27 ft. long by 9 ft. deep and 
weighed 11 tons each. They were connected at right 
angles to a shaft carrying the flywheel, which was a cut 
gear wheel 30-ft. diameter and 2-ft. face, and was the 
heaviest cut wheel that had ever been made up to that 
time. It geared with a 10-ft. pinion on an underground! 
shaft 256 ft. long running across the building. This 
lineshaft at each end and two intermediate points was con- 
nected by 6-ft. bevel gears to transverse shafts extending 
lengthwise of the building. These shafts were belted to 
eight overhead shafts, each 658 ft. long. The engine 
made 36 r.p.m., giving a piston speed of 720 ft. per min. 
The peripheral speed of the spur gears was 3384 ft. per 
min. The engines were rated at 1400 hp., but could de- 
velop 2000. The cylinders were jacketed with live steam. 
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Jon Francivco. California, Feb2O to Dec AIO. 
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Steam was supplied by twenty vertical boilers furnished —speed—and no one type can be taken as representative of 
hy Corliss, which also supplemented the steam supply to that time. The largest engine shown was a 2000-hp, Allis 
the Pump Annex. Each boiler contained 48 tubes 3 in. (Reynolds-Corliss) engine with 20-, 40-, 60- and 70x 
in diameter in a shell 4 ft. in diameter by 14 ft. high. 72-in. cylinders and 60 r.p.m. The flywheel was 30 ft. 
The total heating surface of the twenty boilers was given diameter by 76-in. face and carried two belts 6 ft. wide, 


as 13,000 sq.ft. each driving a Westinghouse 10,000-incandescent-light 
CoLUMBIAN Fair ENGINE dynamo. Another notable engine was the 1250-hp. four- 
mi AL é v 4NGLIN ES ¥ 


cylinder triple-expansion Buckeye engine with its distine- 
A heterogeneous collection of engines was to be seen at tive valve-gear. Its cylinders were 20, 32 and 36x48 in. 


vow 


Chicago—horizontal and vertical, high-speed and low- The flywheel was 20-ft. diameter by 72-in. face and it also 
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© Ponama: Pacific International Exposition Co. 
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AT TWO EXPOSITIONS 


SAN FRANCISCO 1915 
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drove through a 6-ft. belt. It has since developed that 
fewer cylinders and larger ratios are better and even 
triple-expansion engines are not warranted except with 
the higher pressures used in marine service. 


LOUISIANA PuRCHASE EXxposITION ENGINES AND 
TURBINES 


At this time (1904), the struggle between the turbine 
and the reciprocating engine was on and the advantage of 
the former, even in farge units, was yet to be established. 
The largest turbines of their day were 5000-kw. Those 
exhibited were a 2000-kw. Curtis, a 1000-kw. Hamilton- 
Holzwarth, and a 400-kw. Westinghouse-Parsons. There 
were 21 engines, of which the 5000-hp. Allis-Chalmers 
angle compound was the largest, most impressive and 
most typical of the art and time. It had evlinders 44 
and 94x60 in. and drove a Bullock generator by direct 





connection at 75 r.p.m. Four three-cylinder vertical com- 
pound 3000-hp. Westinghouse engines driving 2000-kw. 
generators were really not exhibits, but a part of the out- 
fit bought by the Exposition. 


PRESENT-DAY Primi Movers 


At San Francisco, as the exhibits are not furnishing 
power for any considerable part of the exposition’s needs, 
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there was no occasion to install a prime mover of the si 

that must be taken as representative of this period f 

large capacity. Such a one, however, is the 35,000-kw. 
turbo-generator now being completed for the Philadelph 

Electric Co. This unit, with its condensing equipmen: 
will occupy a floor space of 1355 sq.ft., which is in mark 

contrast with the 2376 sq.ft. required for the Centenni 

engine. The horsepower output of the two units p: 

square foot of area occupied is 34.6 for the new turh 

generator and 0.6 for the Centennial engine. The respe 

tive weights are 1,200,000 lb. and 1,400,000 Ib., and t! 

speeds 1200 and 36 r.p.m. 


CENTENNIAL AND PANAMA-PACIFIC MACHINERY 


BUILDINGS COMPARED 


The machinery buildings of the Centennial and Pan 
ama-Pacific expositions furnish a number of striking com- 
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parisons and contrasts as shown on the two accompany- 
ing pages. These give, by a few illustrations and tabu- 
lated data, a comparison of general dimensions and a few 
important features of these two great buildings. The 
Centennial Machinery Hall was a larger building, both 
in length and floor area, than the present Panama-Pacific 
Palace of Machinery. But this must not be looked upon 
as a step backward, for at Philadelphia the building de- 
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voiced to machinery included everything that could be 
brought under that general head. In keeping with our 
present tendency toward specialization, the exhibits at 
San Francisco have been divided so that printing presses, 
typewriters, and similar machines now go to the Palace 
of Liberal Arts, while locomotives and all means of trans- 
portation have a building of their own. 

One of the striking contrasts between the two build- 
ings is in the materials of construction, for strange as 
it may seem, more metal was used in the Machinery Hall 
of Philadelphia 40 years ago than in the present Palace of 
Machinery in San Francisco. The two pages of illus- 
trations give a hint as to the kind and quantity of these 
materials. 

Another contrast worthy of mention lies in the provi- 
sions made for installing exhibits. In Philadelphia there 
was a total absence of crane service—not a single crane of 
any kind was used. At San Francisco there are two 30- 
ton cranes in the middle bay, with one 20-ton crane in 
each of the two principal side bays. The skids, rollers, 
and tackle of 1876 have given way to the traveling cranes 
of 1915. 

GENERAL FEATURES OF THE PRESENT FAIR 


bd 


The grounds are in the city limits of San Francisco and 
face north on the bay. There are 234 miles of buildings, 
covering an area of 635 acres. While this area is only 
about half that occupied by the St. Louis Fair (1240 
acres) and not even quite as much as the Chicago Fair 
(733 acres), this is an advantage rather than otherwise, 
for it means that the tiring distances to be walked are 
less. It cost more, however, than any exposition to date, 
for it represents an investment of $58,000,000, whereas 
the Louisiana Purchase Exposition cost $50,000,000, the 
Columbian Exposition $20,000,000 and the Centennial 
Exposition $8,000,000. For ‘the present fair nothing 
was contributed by the Government as in the cases of the 
Chiceago and St. Louis expositions. The palaces cost more 
than $12,000,000. Another distinguishing feature of this 
Fair is that the structures were finished three months 
hefore the opening, and it was the first international ex- 
position to be considered completed on time. 

White does not predominate in the buildings. The 
walls are of an ivory tint, and the roofs generally red and 
flat, with great domes and lofty towers of blue and gold, 
and green-latticed windows. Add to this the effect of the 
myriads of flowers, palms and trees, and it is evident that 
there is here no lack of color. 

The tallest feature is the Tower of Jewels, 435 ft. high. 
On either side of it are the main exhibit palaces, 14 in 
number. Height in general marks these buildings as 
compared with the previous fairs, for the walls of the 
palaces are as high as the average six-story city block. 
Just east of the group is the amusement section known as 
“The Zone,” to which there has been devoted 65 acres. 
To the west of the group are the pavilions of the 42 states 
and 38 foreign countries participating. In addition there 
are the parade grounds, live-stock pavilion, life-saving 
‘tations and the aviation and athletic field. 

Kight exhibit palaces subdivided by courts make up 
the main group, seemingly under one roof and appro- 
ately called “The Walled City.” The buildings are 

a rectangle, their walls being interconnected and 
oken only by archways and entrances giving access to 
ie courts between the buildings. The buildings are all 
of the same height and the architecture generally similar. 
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The courts dividing them north and south are known ss 
the Court of the Universe, the East court, or the Court of 
Abundance, and the West court, or the Court of the Four 
Seasons. These eight central palaces are: Mines and 
Metallurgy, Transportation, Agriculture, Food Products, 
Varied Industries, Manufactures, Liberal Arts, and Edu- 
cation. 


PALACE OF MACHINERY 


Flanking this group on the east is the Palace of Ma- 
chinery, in which centers the most of interest to Power 
readers and of whose exhibits more will be told in later 
issues. It cost approximately $650,000, and is the largest 
wooden building in the world. It was the first of the ev- 
position palaces to be completed. Ground was broken on 
New Year’s Day, 1913. The architecture is Roman, and 
the decoration is classic in form, but modern in expression 
and suggests machinery and invention. Inside, the build- 
ing, is divided into three north and south aisles, each 101 
ft. high and 75 ft. wide, extending the length of the build- 
ing which is 967 ft. long. On each side of the main struc- 
ture are side aisles 70 ft. wide covered with shed roofs 4! 
ft. high to the soffit of the trusses. The total width of the 
building is 367 ft. and the total floor space 370,000 sq.ft. 
In other words, it is about three blocks long, 81% acres in 
size and as tall as a 13- or 14-story building. Lincoln 
Beachy, the aviator, flew from one end of it to the other 
under the roof. This was the first time an aéroplatie 
flight was attempted indoors. 

To facilitate the installation of heavy exhibits there 
are two 30-ton traveling cranes with 5-ton auxiliary 
hoists in the middle bay and a 20-ton traveling crane in 
each of the two principal side bays, all operating the 
length of the building. Railroad tracks enter and cross 
the building at the center at right angles to the crane 
travel, so that shipments received by rail can be unloaded 
from the cars directly by the cranes. 

The first machinery exhibit was installed May 27, 1914, 
nine months before the opening of the Exposition. This 
was a Busch-Sulzer Diesel engine of 500 hp. The occa- 
sion was celebrated with fitting ceremonies attended by 
exposition, state and city officials and several hundred 
engineers. The exhibit is to be seen in one of the illus- 
trations herewith. 

Wherever possible, the exh.bits are to be in operation, 
and many of them will also embody the exhibition of 
safety devices being arranged by William Doolittle, safety 
inspector of the National Metal Trades Association. 
To increase the convenience of viewing the building’s ex- 
hibits electric chairs operating on tracks are provided, so 
that visitors may go from place to place by the pressing 
of a button and thus may spare themselves the fatigue 
which is such a drawback to exposition sight-seeing, 

The sculptural feature of the Machinery Palace are 
three figures typifying the Triumvirate of Power, which 
are repeated in rotation at the tops of the 60-ft. columns 
flanking the entrances. These are called “Electric 
Power,” “Inventive Power” and “Steam Power” and are 
the work of Haig Patigian, an Armenian by descent, but 
a resident of San Francisco. They are 16 ft. high and of 
a deep-golden color. Electric Power shows a man con- 
trolling a lightning bolt with his right hand, and dominat- 
ing earth under his left foot. Inventive Power is sym- 
bolized by a heroic figure wearing the wreath of achieve- 
ment and holding in his right hand a globe from which 
rises in flight a winged man. The power of steam is 
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typified by a man in the act of creating motion with a 
driving rod of a steam engine attached to a crank which 
gradually blends with the earth. 


OTHER BUILDINGS 


Flanking the central group upon the west and sepa- 
rated from it by a lagoon, which it partly encircles, is the 
Palace of Fine Arts. The Palace of Horticulture covers 
approximately five acres and has as its most prominent 
feature a steel dome 186 ft. high and 153 ft. diameter, 
surmounted by a half-sphere 26 ft. high, weighing 26 
tons. It is planted with flowers and at night is one of the 
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Argentina, Australia, Austria, Bolivia, Brazil, Cana 
Chile, China, Costa Rica, Cuba, Denmark, Domini 
Republic, Ecuador, France Guatemala, Haiti, Holla 
Honduras, Italy, Japan, Liberia, Mexico, New Zeala 
Nicaragua, Norway, Panama, Persia, Peru, Portugal, S 
vador, Spain, Sweden, Turkey, Uruguay and Venezu 
Visiting the Exposition has been facilitated as mi 
as possible by the railroads and local hotels. Rates ; 
being offered on all lines and the hotel men have form: (| 
an association, binding themselves to adhere to reasona| 


prices. In addition numerous boarding houses are avai'- 


able, so that accommodations within the means of all aye 











ONE OF THE THREE MAIN PorRTALS OF. THE PALACE OF MACHINERY 


most spectacular features of the illumination. Festival 
Hall will be the rendezvous of conventions, among them 
the Engineering Congress next fall. Nearly all of 350 
congresses and conventions will be held here. 

Methods of indirect lighting are used for out-of-door 
effects for the first time at any exposition. The palace 
walls are flooded by light from high-power arcs, concealed 
or shaded from the eyes of the spectators by ornamental 
metal shields or banners. Domes are illuminated from 
within by powerful searchlights arranged to give varying 
colored eiiects. Architectural features are accentuated by 
the use of “jewels” of polished crystal. 

Of the na'ions which committed themselves to partici 
pate before te war, none has withdrawn. They include 


claimed to be provided in abundance. Still, it is urged by 
the’ management that prospective visitors secure their 
reservations in advance to forestall any chance of dis- 
appointment in getting just what they desire. 

One of the most important features of the Exposition 
will be the series of congresses, conferences and conven- 
tions. As the material exhibits will show world progress 
on all lines, so will the congresses gather together the ex- 
perience of the ages in education, science, art, industry 
and social service. 

All in all, the Exposition holds attractions that cannot 
but make it worth while to any who can find the oppor- 
tunity, to see it, and this aside from the advantages of 
viewing the country there and on the way. 
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Goulds Single-Stage Centrif- 
ugal Pump 


‘The illustration shown herewith is that of the Goulds 
horizontal single-stage, single-suction, inclosed-impeller 
centrifugal pump with the casing and bearing cap re- 
moved. This pump is designed for directly connecting 
with electric motors, and is intended to run with differ- 
ent speeds for different capacities and heads. 
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bearing upon babbitted surfaces. These collars also serve 
to space the impeller properly in the casing. The water- 
way, or volute, is proportioned to convert the energy of 
the velocity of the water leaving the impeller into pressure, 
with a minimum of loss due to shock or eddies. 

The casting forming the stuffing-box cover of the cas- 
ing contains two bearings and carries the complete pump 
when assembled. The outboard end is split horizontally : 
the bearing cap is held in alignment with the bearing by 

















CENTRIFUGAL PUMP WITH 


The casing is of the volute type, supported on the 
hedplate so that it can be swiveled in any one of eight 
positions. This is a convenient feature where space for 
pipe fittings is limited, and also allows a discharge elbow 
to be dispensed with. 

The impeller is of the inclosed type and is hydraulically 
balanced against end thrust. The slight amount of end 
thrust, occurring in operation is taken up by shaft collars 








SY NOPSIS--Will Quizz, Jr., in looking on while 
a hydrostatic test is applied to a boiler, sees a dem- 
onstration of how the spoils system usually works 
out. Will, however, derives some benefit from his 
experience by consulting Chief Teller. 
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“While away on my vacation, Chief, I found time to 
peep into some of the boiler rooms in my home town; it 
has a boiler-inspection law. The inspector is in reality 
appointed by the mayor and the civil-service part is 
framed up afterward. 

“While the members of the local examining board know 
nothing about boilers and engines, they are supposed to 
know how to judge and certify as to the fitness of the can- 
didate after the mayor has appointed him. 

“T happened to be chatting with John Starch, who fires 
ai the laundry, when the boiler inspector came in. His 
ncthod of applying a hydraulic test to the idle boiler puz- 
vied me. The boiler is supposed to be good for 100 lb. and 
te inspector said he was going to test it for 50 per cent. 


over-pressure. I watched the gage and he ran the water 


AND Breartna Cap REMOVED 
the taper dowel pins and studs with locknuts. An opening 
with a hinged lid is provided in the top for inspection 
of the oil rings. Between the inboard end of the bear- 
ing and the face of the stuffing-box there is provided a drip 
pocket with a drain hole, which catches the necessary drip 
from the gland and is piped to a sewer. 

This pump is manufactured by the Goulds Manufactur- 
ing Co., Seneca Falls, N. Y. 
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pressure up to 200 Ib., when the shell leaked like a-sieve. 
What is 
a 50 per cent. over-pressure, Chief, and how do you figure 
it? J want to know which of us was wrong.” 

“T am glad you got some practical information during 
your vacation, Will, by seeing how other plants are operat- 


One of us has this percentage business twisted. 


ed. Per cent. means ‘by the hundred.’ Your problem is eas- 
A dollar is 100 
cents, and one penny or centum is therefore 1 per cent. 
A dime is ten one-hundredths, or 10 per cent., and half a 
dollar is 50 per cent. One hundred represents the base 


ily illustrated by our decimal money: 


and 50 per cent. added would, of course, be a total of 150. 

“You say the boiler is intended for 100 lb. steam pres- 
sure, and that it was to be tested to 50 per cent. over-pres- 
sure. Fifty per cent. of 100 lb. is 50 lb. Then the total 
test pressure should be 

100 + 50 150 Lb. 

3y putting on 200 Ib., or doubling the working pressure, 
the inspector added 100 per cent., incidentally showing 
an extremely low percentage in his knowledge of percent- 


age.” 
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By ALBERT H. ISRAEL 





SYNOPSIS—Evuplanation of the induction coil 
and magneto, as well as. the operation of the com- 
mon systems of spark-plug ignition. 





SIMPLE INDUCTION COIL 


The air gap across which is sent the ignition current 
offers a very high resistance to its passage. For this rea- 
son a current of low voltage from a battery or a low-ten- 
sion magneto is unable to jump the gap. To transform 
this low-potential current to one of very high potential, 
amounting to many thousand volts, a device known as the 
induction coil is employed. 

In its simplest form,: the induction coil is composed 
of several layers of coarse wire (the primary) wound 
around a core of soft-iron wire and surrounded by many 
layers Of fine wire (the secondary). ~The core tends to 
concentrate: the lines of force and becomes an electromag- 
net when the,coil is in use. In Fig. 1 is shown such a coil, 
with only onelayer of each winding, for simplicity. 

When a current is sent through the primary a magnetic 
field is set up around it, the lines of which pass through 
the core parallel to the axis, coming out at one end and 
entering at the other after passing through the layers ef 
the secondary winding. <A current is thereby induced 
in the secondary, the potential of which depends on the 
relative number of primary and secondary turns. When 
the current through the primary has reached a constant 
value, the induced current in the secondary ceases to flow. 
The magnetic field set up.by the primary also tends to 
retard the current flowing through it, so that it takes 
longer for the field to build up from zero to maximum 
than to drop from the maximum to no field when the flow 
of current ceases. The voltage of the current generate | 
in the secondary winding depends also upon the rapidity 
with which the intensity of the magnetic field changes. 
For this reason the current generated in the secondary is 
of much higher potential when the circuit through the 
primary is broken than when closed. 

No current can be induced or generated in the sec- 
ondary winding unless the intensity of the magnetic field 
is either increasing or decreasing. Thus there are two in- 
pulses of current in the secondary, one when the primary 
circuit is closed and the other when it is opened; but, as 
previously stated, the current induced at the break of the 
circuit is the only one of sufficient voltage to be utilized. 

Inpucrion ComL WItH Vipraror 

The simple coil just described is used in a system ex- 
plamed later, where the make-and-break occurs once for 
each explosion and where only one spark is produced. 
There are systems, however, in which a series of short 
sparks are produced for each ignition. These add a small 
mechanism to the simple coil, called a vibrator (see Fig. 
2). A-current sent through the primary produces a mag- 
netic field, making the core an electromagnet. The ten- 
sion of the spring tends to keep the two platinum points 
together, thereby keeping the primary circuit closed; but 
when the core becomes magnetized it exerts enough force 
to attract the spring and open the circuit rapidly. As 





soon as the circuit is opened the core becomes dema: 
netized and the spring flies back, again closing the circui 
This making and breaking of the circuit by the vibrat: 
occurs at the rate of about one hundred per second, di 
pending on the adjustment. Each time the primary ci 
cuit is broken a small current of high potential induce: 
in the secondary jumps the air gap of the spark plug. 

As previously stated, a current is also induced in th 
primary winding each time the circuit is broken, ani 
unless a condenser is employed to take up this current 
considerable arcing will occur at the two platinum points 
preventing a rapid break of the primary circuit and burn- 
ing away the points in a short time. 

The condenser consists of layers ‘of tinfoil separated 
from each other by a waxed- or varnished-paper insula- 
tion. No connection is made between the two sides of the 
condenser within itself. The action is such that the eur- 
rent generated in the primary winding when the cireui 
is broken is absorbed by the condenser, but as soon as this 
induced current ceases to flow the condenser discharges 
again. The discharge current, however, flows back 
through the primary in the opposite direction to that of 
the battery current, thereby quickly demagnetizing the 
core. Therefore, the condenser not only does away with 
the undesirable sparking at the points, but also lessens the 
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resistance to the flow of the battery current. 
ally inclosed in the box containing the coil. 
Since the secondary ‘current is of very high potential, 


It is gener- 


there would be danger of the insulation being punctured 
if the cireuit through this winding could not be com- 
pleted. This might happen if a wire had been discon- 
nected from a spark plug, if one of the secondary leads 
were broken, or if the ground connection became loose 
or had been left off. Therefore, to prevent the destruction 
of the coil from these causes, a safety spark gap is inserted 
in the system of each induction coil and high-tension 
magneto. The distance between the two points is greater 
in the safety gap than in the spark plug, hence the current 
will always jump the gap in the spark plug, except under 
the conditions mentioned. 


THE MAGNETO 


In the induction coil just described the secondary wires 
remained stationary, while the lines of the electromay- 
netic field cut them as the intensity of the field was 
varied. If instead a stationary magnetic field be em- 
ploved and the wires be moved through it, a similar re- 
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sult would be obtained. This is the principle employed 
in the magneto, the essential parts of which are the per- 
manent magnets producing the magnetic field, the pole- 
pieces through which the magnetic lines of force pass 
before crossing the path of the armature, and the arma- 
ture which consists of a core and windings. The core is 
venerally of the shuttle type and the windings depend on 
the type of magneto; if low tension, the windings consist 
merely of heavy wire. 
The current generated is not constant during one revo- 
lution of the armature, but whenever the armature wind- 
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ing passes through the strongest portion of the field, the 
maximum current is generated; this happens twice dur- 
ing each revolution. To obtain the best spark the maxi- 
mum current must be utilized, and to do this the mechan- 
ism must be constructed so as to make this adjustment 
possible. The interrupter is generally on the same shaft 
as the armature, but the distributor arm is on a shaft 
placed above the armature shaft and is geared to the 
latter. ‘The armature shaft and distributor shaft are so 
veared that when the interrupter acts to produce a spark 
the distributor arm will be in contact with or over one 
of the segments. To make clear the relation between the 
speeds of the shafts, assume a four-cylinder four-stroke- 
cyele engine. Two explosions occur per revolution of the 
crankshaft and, since two breaks occur at the interrupter 
points per revolution of the armature shaft, the speed of 
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Fig. 4. Visrator Inpuction Corn (SINGLE Corr) 


the two will be the same. There will be four segments, 
one for each cylinder, to distribute the high-tension cur- 
rent; thus the distributor shaft will make one-half a 
revolution for each one of the armature shaft. 


DIfFERENCE BETWEEN H1GH-TENSION AND Low- 
TENSION MAGNETOS 
The chief difference between a low-tension and a high- 
‘ension magneto is that the latter is self-contained and 
very compact, while the former requires a separate in- 
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duction coil. The high-tension magneto has wound on its 
armature, in addition to the layers of heavy wire, many 
layers of light wire which serve as a secondary winding. 
Instead of using a separate coil the armature serves both 
as a generator and as an induction coil. 

The diagrams showing the different systems have been 
drawn to show the wiring and not the constructional de- 
tails ; therefore, the interrupter has not been shown on the 
shaft with the armature. Another thing to note is that 
the safety spark gap.and the condenser have been omitted 
to prevent confusion. 


SIMPLE Cort (MAKE-AND-BREAK) 


When ordinary spark plugs are employed the make-and- 
break points are outside the cylinder. There are two 
systems in general use, one in which there is a long make 
and a second in which there is a very short make. The 
mechanism is so timed that it is mechanically operated 
whenever the spark is to occur. The break in the latter 
system occurs so quickly after the make that the eye can- 
not detect the two points in contact at all. The funda- 
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Fic. 5. Visraror INpvucrion Coir (Mvucripte Cor) 


mental principle of operation is the same, however, in 
both (see Fig. 3). 

The current passes from the positive terminal of the 
battery through the primary winding when the points are 
in contact. This produces a strong magnetic field in the 
coil, and when it is allowed to shrink suddenly on the 
opening of the circuit, a current of high voltage is induced 
in the secondary. The latter flows through the distribu- 
tor and jumps the gap in the spark plug, completing its 
circuit by way of the ground. 


Visprator INpduCcTION CoIL (SINGLE Cor.) 


In this system, which is shown in Fig. 4, a single in- 
duction coil is used. When the timer or commutator 
closes the primary circuit, which occurs when the roller 
is in contact with the segment, a current flows from the 
positive terminal of the battery through the vibrator, the 
primary winding, the ground and the roller to the nega- 
tive terminal of the battery, thus completing the circuit. 
Each time the circuit is broken by the vibrator, a high- 
tension current is induced in the secondary, which jumps 
the spark gap of the spark plug. The spark produced at 
the gap is not merely one, but a series of sparks which 
succeed each other so rapidly that they appear continuous. 
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It should, of course, be understood that the roller mech- 
anism of the timer is connected by shafts and gears to the 
crankshaft, so that there is a definite relation between the 
speeds of the two, and the spark is made to occur at a 
definite time. 


Visrator INDUCTION CotL (MULTIPLE CoIL) 


The wiring of this system (see Fig. 5) is so arranged 
that whenever a current passes through any of the in- 
duction coils, it must first pass through the master vibra- 
tor which is in series with each coil. This saves the use 
of a number of vibrators and gives a spark of the same 
intensity in all cylinders.” Assume that the roller mech- 
anism is rotating in the direction indicated by the arrow. 
When it touches segment No. 2, the circuit through the 
primary is closed, provided that the switch is on. The cur- 
rent then passes from the positive terminal of the battery, 
through the winding of the master vibrator, coil No. 2, 
segment 2 and back to the battery, causing the vibrator to 
act as before explained. Each time the circuit is closed 


Spark Plugs Spark Plugs 














Ground 
Connections 






































Distributo \ 
Distributor Ty | 
i PEA | 
Armature --\.\— 1 
Permanent | 
Magner 7] 
Pole Piece ZS ry] Orainary 
| | armature 
Contact and induction 
Points i co’! combined 
A 
D » 
A Rotatii pa eee ee, eee 
Rotating ; Grounded Contact 
ae — yr 
Cam oe fa pos 4 » Roller Cam 
i = : \ 
ground [Inabetion coi = grrapler Insulated Contact 
Fie. 6. Low-TENsIon Fie. 7. Higu-TENsIon 


MAGNETO MAGNETO 

and broken by the vibrator a magnetic field appears and 
disappears in the induction coil No. 2, and sets up a sec- 
ondary current of high potential, which current jumps 
the air gap of No. 2 plug. The primary wire from each 
of the induction coils to the commutator also serves to 
ground the secondary wire on the respective coils, thereby 
eliminating four wires. In following out the circuits it 
should be noted that the roller mechanism is connected to 
ground. 


Low-TrENSION MAGNETO 


The system shown in Fig. 6 will operate in either of 
two ways, depending on the design of the rotating cam 
which operates the interrupter mechanism. With the cam 
as shown the system works as follows: The current gener- 
ated in the armature of the magneto passes through the 
primary of the induction coil, except when the points of 
the contact-breaker come together. It is so arranged that 
the points come together while the maximum current 's 
being generated in the armature. At this instant the 
major portion of the current passes through the inter- 
rupter. 'The sudden decrease in current flowing through 
the primary of the coil causes a rapid shrinkage of the 
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field, which, in turn, induces a small current of high volt 
age in the secondary winding; this passes through th: 
distributor, across the air gap in the plug and throug! 
the ground, completing its circuit. 

When the cam shown at A is used the points of th 
interrupter are always in contact except during a short 
period preceding the production of the spark. The cur 
rent from the armature of the magneto passes throug! 
the interrupter until the point ( of the cam reaches thi 
breaker arm. At this instant the points separate and thx 
whole current is forced to pass through the primary wind- 
ing of the induction coil. Although this induces a cur 
rent in the secondary winding, it is not of sufficient poten 
tial to jump the spark gap. While the maximum curren| 
is being generated in the armature, the point D on the 
cam strikes the breaker arm and the contact points are 
instantly brought together again. The larger part of the 
current now flows through the interrupter again and the 
rapid decrease in the current passing through the primary 
winding causes a sudden shrinkage of the magnetie field. 
This induces a current in the secondary of sufficient ten- 
sion to Jump the spark gap. 


Hicu-TrENsIon MAGNETO 


The system shown in Fig. 7 is often called the true 
high-tension magneto system. The breaker or interrupter 
mechanism is on the shaft carrying the armature and 
rotates with it. The roller cams, on the other hand, may 
rotate on pinions whose positions remain fixed. 

In the position shown, the grounded contact arm is 
about to be pushed inward by the roller cam; thus the 
interrupter points are about to separate. The armature is 
short-circuited through the interrupter points except 
when the spark is to occur. The mechanism is so timed 
that this takes place when the maximum current is being 
generated. When a spark is to occur the points are sepa- 
rated and the primary circuit is opened. The current im- 
mediately ceases to flow through this winding, causing the 
field to shrink very rapidly. This, in turn, induces a 
small current of high potential in the secondary winding 
on the armature, which passes through the distributor, 
jumps the spark-plug gap and completes its circuit 
through the ground. 


DuAL SYSTEM 


In this there are two distinct ignition systems which 
are generally not connected in any way, two sets of spark 
plugs often being employed. It is a combination of the 
systems shown in Figs. 5 and 7, namely, the vibrator in- 
duction coil and the high-tension magneto. 


DUPLEX SYSTEM 


This system is the outcome of an improvement on the 
one shown in Fig. 7. The high-tension magneto is so 
designed that the armature may be used not only as an 
induction coil for the current generated in itself, but 
also for the current from a battery. Thus only the bat- 
tery is added, but the wiring becomes more complex. An 
advantage is that without separate induction coils the 
engine may be started on battery current, which is gen- 
‘rally easier than with the current from the magneto. 
This is due to the fact that the engine must attain con- 
siderable speed before the voltage of the current generated 
in the magneto becomes equal to that of the battery. 
namely, six to seven volts. 
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New Schlotter Blower 
By ALFRED GRADENWITZ 
A new type of blower has been brought out by Messrs. 
siemens-Schukert Werke, of Berlin, Germany. Like all 
blowing machines of the screw type, the Schlotter blower, 


Fig. 1, requires but small floor area, is high-speed and 
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Fic. 1. ScHbLorrer BLowrr, Moror Driven 

















Fia. 2. Roror AND CASING 


is reversible. Back pressures up to 11.5-in. water column 
are overcome by a single-stage blower, the maximum 
clliciency being upward of 80 per cent. 

Each blower comprises a 5-vane rotor, Fig. 2, 
guide wheel, Fig. 3, at the outlet. 
o! both wheels are of the screw type, that is, surfaces 
engendered by the rotation of a line and its simultaneous 
(displacement along the axis of rotation. The feature of 
the guide-wheel principle is that the entrance edges of 
the guide wheel, so far from coinciding with the outlet 
‘ges of the rotor cross them at right angles everywhere. 


and a 
The thrust surfaces 
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The air current issuing from the rotor is thus subdivided 
radially by each guide blade and is, at a given air supply, 
dealt with without a shock. 

The curvature of the guide blades, which inereases in 


the direction of rotation of the rotor, results in a con- 

















Fic. 3. GUIDE WHEEL OF BLOWER 

traction of the air current and in a further acceleration 
of the resting guide wheel, so that a considerable portion 
of the axial thrust is engendered in the latter. 
of the inertia, the air currents on issuing are slightly 
rotating and convergent to the axis, so that the minimum 
cross-section of the jet in the case of a free motion of 
the air lies at about half the length of the diameter in 
front of the distributor. 
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EFFICIENCY CURVES OF SCHLOTTER AND 


The efficiency of a blower depends mainly on the extent 
to which dynamie pressure in the adjoining tubings can 
Tests have shown a 
maximum efficiency of about 80 per cent. to be obtain- 
able in the most favorable case, when connecting the 


be converted into static pressure. 


blower to a line of pressure pipes, and 75 per cent. can 
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be reached with a short outlet tubing corresponding to an 
increase on cross-section of about 20 per cent., the effi- 
ciency decreasing in the case of a diffuser, according to 
the widening of the latter. These results have been 
confirmed by tests made on a number of middle-sized 
blowers, chosen at random, by Professors Brabbee and 
Kloss, of the Berlin Technical High School, the maximum 
efficiency found with a pressure pipe connected to the 
blower being 78 per cent. 

An even more important factor than the high maximum 
efficiency is the fact that the efficiency curve of the 
Schlotter blower is flat, so that the efficiency remains 
high over a wide range of loads, from the highest back 
pressure down to a free escape. In Fig. 4, curve A shows 
the efficiency curve of a Schlotter blower as compared with 
that of a centrifugal fan of the usual design, as shown in 
the curve P. 

Another advantage of the blower is that its power con- 
sumption for a given number of revolutions remains 
constant over practically the whole range of loads. This 
is valuable in case the back pressure of an installation 
cannot be predetermined exactly or when working condi- 
tions, with a given amount of air, entail variations in 
hack pressure, such as, for instance, with the individual 
ventilating of mines, when using air pipes of variable 
lengths. 
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The annular cast-iron body of the blower is provide 
with a foot and comprises in its hollow hub the bearing 
carrying the shaft on the journal of which the rotor an 
the half coupling (belt pulley) are keyed overhung. Bal 
bearings are used. Water cooling is provided for tl 
bearings when the blower is used with hot gases. 

The standard design is modified in various ways t 
suit special requirements. The annular body may |) 
fitted with a flange in the place of the foot, in case thi 
blower is to be fixed to a wall. Since every blower i: 
fitted with a thrust bearing to deal with the axial thrust 
there is no objection to placing it in a vertical position 
When the blower is to work through a conduit, a suction 
bend is joined to the annular vody through which thi 
driving shaft passes. 

The rotors are cast either of some light metal (specia! 
aluminum alloy) or a high-grade bronze, according to 
their dimensions and turns and the gas 
temperature. 

The blower is preferably driven through direct coup- 
ling with electric motors, steam, water or air turbines. 
The most important applications of the blower are for 
ventilators for boiler and engine rooms; for the individual 
and main ventilation of mines and tunnels; for air heat- 
ing, drying and mist-dispelling plants; for forced-draft 
furnaces and for the removal of dust and shavings. 
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Designing Small Transformers 


By NorMAN G. MEADE 





SY NOPSIS—Actyal calculations in the design of 
a small transformer such as used for bell cir- 
cuits or signaling devices. 





Small transformers with low-voltage secondaries are, 
to a large extent, replacing batteries for many purposes, 
such as the operation of electric bells, signaling devices, 
etc.; and where alternating current is available they are 
much more satisfactory, as they require no attention. As 
the secondary voltage is generally below 12 or 15 volts, 
ordinary bell wiring is sufficiently insulated for the sec- 
ondary circuits. 

The design of the small transformer involves the same 
calculations as transformers for lighting and power pur- 
poses. It is necessary to know or assume several quan- 
tities, such as the useful secondary output in kilowatts, 
the primary voltage, secondary voltage, and the frequency 
of the system on which the transformer is to operate. 
Let it be desired to design a transformer to operate from 
a 110-volt, 60-cycle cireuit, which will have a secondary 
voltage of 10 and a secondary current of 10 amp. 
watts output 


Efficiency = ———- 
f I~ watts input 


For an output of 100 watts, assuming an efficiency of 85 
per cent.,* the input would be 100 ~ 0.85 = 118 watts. 
Therefore, the total estimated losses are not to exceed 18 
watts. These losses are made up of three components— 
hysteresis, eidy currents and copper losses. The copper 

*This efficiency is somewhat lower than would be obtained 


in a well designed transformer of this size under full load.— 
EDITOR. 


or I?R loss and the core loss (hysteresis and eddy cur- 
rents) should be about equal. For intermittent service 
the copper loss can be somewhat the larger of the two; 
hence it will be taken as 10 watts and the core loss 8 watts. 

Assume the density of the sheet-iron core to be 30,000 
lines of force per square inch. For annealed sheet iron 
at this density, the hysteresis loss is 0.15 watt per cubic 
inch. The eddy-current loss should be small on account 
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Fies. 1 AND 2. CorE DIMENSIONS 


of the laminated core; therefore assume it to be 2 watts 
and the hysteresis loss 6 watts. The volume of the iron 


in the core will then be 


: - = 40 cn.in. 
0.15 
The core must be proportionate with regard to the 
winding space and the length of the magnetic circuit. Let 
a represent the width of the core, as in Fig. 1, Ya the 
height of the core, 3.5a the total width, 1.5a the horizon- 
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tal inside distance between legs, and 5a the distance be- 
tween the yokes. The cross-section of the core is a®. Then 
the volume of the core is 


V = (2 X 3.5a + 2 X S5a)a’ 


V = 1%a® = 40 cu.n. 
WW agi 3-40 ror ‘ c. ee ] - 
Whence, a = V 49 = 1.34, approximately. 


Let a be 1.5, on account of some loss of space due 
o laminations. Then the core dimensions will be as shown 
in Fig. 2 and the available winding space will be 2.25 in. 
between cores and 7.5 in. between yokes. Let the length 
of coil be 7 in. The secondary will be wound next to the 
cores so as to reduce the length of the heavier wire, and 
the primary will be wound over the secondary. The sec- 
ondary current at full load will be 10 amp., and, as 
the primary and the secondary coils are wound in two 
sections, the secondary voltage for each coil will be 5 
volts, but the conductor will carry 10 amp. Allow 1000 
cire.mils per ampere. Then the size of the secondary con- 
ductor will be 10 & 1000 = 10,000 cire.mils, which cor- 
responds nearest to a No. 10 wire. 
The primary watts at full load are 118; hence the 
primary current will be 
Primary watts 118 " 
2g . = = 1.07 amp. 
Primary voltage 110 
The power factor can be neglected and, as the magne- 
tizing current is small, the primary current will be taken 
at 1.25 amp. The size of the primary wire will then be 
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Fig. 3. SECTION THROUGH CoRE AND COIL 
1.25 & 1000 = 1250 cire.mils, which corresponds nearly 
with a No. 19 wire. 

The relation between the maximum flux and the effec- 
tive primary voltage is as follows: 

V. 4.44 N X Tp xX n 
p 108 

where, « 


Vp = Primary voltage ; 


N = Maximum magnetic flux; 
Ty = Primary turns; 
n = Frequency. 


The maximum magnetic flux equals the flux density, 
in the present case 30,000 lines per square inch, times 
the cross-section of the core in square inches; that is, 

N = 30,000 & 2.25 = 67,500 lines. 
Substituting in the above formula, 
4.44 X 67,500 X Tp X 60 


aie 108 


, and 





eo ee. 
P GAL X 67,500 X 60 
To arrive at even numbers make the total primary turns 
012, or 306 turns on each core. The number of secondary 
turns will be 


611 (approximately) 
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Secondary voltage _ , 10 _— 


Primary voltage 


or 28 turns to the coil. The arrangement of the wind- 
ings on the core is shown in Fig. 3. The corners of the 
core are slightly rounded and it has four segmental 
blocks of hardwood on four sides. The wood should be 
well filled with shellac or insulating paint. The inside 
diameter d of the secondary coil figures 2.12 in., as il- 
lustrated in Fig. 4; but as the corners of the core are 
rounded, the inside diameter will be taken as 2 in. 

From a magnet wire table it will be found that No. 10 
wire has 8.54 turns to the inch and, as the length of the 
coils is 7 in., there is twice the space needed for the sec- 
ondary winding of 28 turns per coil. Therefore, it will be 
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Fie. 4. ILLusrratrinc Metruop oF DETERMINING INSIDE 


DIAMETER OF SECONDARY COIL 


necessary to wind a cord the diameter of the wire parallel 
with it, to make a good job. The secondary winding should 
be wound on a stiff insulating tube of the required di- 
ameter; a piece of mailing tube will do. Before winding, 
the tube should be thoroughly impregnated with insulat- 
ing compound. For winding, the tube should be slipped 
on a wooden arbor and placed in a lathe. When the 
winding is in place the ends should be secured with cord 
and wrapped with two or three thicknesses of oiled cloth, 
then wrapped with webbing and painted or shellacked. 
The ends of the winding should be cut off about an inch 
from the core and flexible cord for the leads soldered on 
and the joints taped. 

Each primary coil consists of 306 turns of No. 19 wire; 
there are 22.77 turns to the inch and 22.77 & 4 
159.39 turns to the length of the coil, which will make 
about two layers for the primary coils. Flexible leads 
are soldered to the primary winding and the whole is 
hound lengthwise, that is, inside and out, with webbing 
and thoroughly painted. The coil should now be wrapped 
with oiled cloth. 

In building up the cores the sheets of iron should be 
cut in different lengths. For example, referring to Fig. 
2, cut half the sheets 7144 in. long and half 10.5 in. and 
assemble them with alternate strips, long and short; then 
securely rivet the bundle. The yokes should be assembled 
in like manner, which will allow the ends of the yokes 
and those of the cores to mortise. One yoke and two cores 
can be assembled and riveted, the coil slipped on and the 
second keeper placed in position and riveted. The coils 
should be so connected that the current flows in opposite 
directions in the two legs. 

The I?R loss should be checked after calculations are 
made and if too great, should be decreased by increasing 
the size of the wire. This is a cut-and-try method to 
secure the proper size of wire. 











just for Fun 


[In the issue of Jan. 19 we asked for accounts of stu- 
pidity in a class with thése printed in the same issue un- 
der the heading, “Some Original Ideas.” Following are a 
few of the best stories which have been received.— 
EprTor. | 

The following method of laying up three 18-ft. by 72- 
in. return-tubular boilers was at least unusual. After 
pouring 18 gal. of cylinder oil through the top manhole, 
the boilers were filled and then slowly drained. The man 
in charge expressed an opinion that the boilers would be 
protected from rust indefinitely; in which I presume he 
was correct. The removal of the oil, however, upon re- 
suming operations will call for another original idea.— 
Ernest A. Tichenor, South Connellsville, Penn. 


A student taking an examination in steaii engineering 
was asked what a “self-supporting stack” was. He 
‘answered that it was one which paid the interest on 
the investment by using natural instead of fan draft. 

A turbine test man was sent to the stockroom for putty 
and came back lugging a 50-lb. keg of white lead and 
asked for some dry putty, as the new stuff was too soft. 
[This last joke looks “putty” thin to us.—Eprror. |—R, 
Blumenfeld, Brooklyn, N.Y. 


In a small town a short distance from New York City 


a town meeting was called to consider alterations to the ° 


steam-heating system in the high-school building, as it was 
not working properly. A member of the school board 
made a report, with recommendations, which was severe- 
ly criticized by one of the Board of Aldermen, who 
made the following statement: 

“The heating plant was not installed correctly in the 
first place, for the boiler is in the wrong end of the build- 
ing, as it is now in the south end and should have been 
placed in the north end, because steam in pipes will flow 
better from north to south than from south to north.” 

The above statement was actually made in public, and 
if desired, I will furnish proof of its authenticity.— 
W. A. Armes, Norwood, Mass. 





During the recent cold spell I noticed a large bulged 
place on the brass plunger of a deep-well pump temporar- 
ily out of use for repairs, which resembled a snake after 
swallowing a large toad. On examining the piston it was 
found to-be burst a distance of five inches, due to water 
leaking past the threads on the rod and freezing solid. 
On the same repair job it was necessary to take down a 
part of the discharge line which contained a three-inch 
gate valve. On removing the valve it was turned around 
several times. Anyone would have thought all the water 
had been spilled out, but such was not the case, and the 
result was a burst valve, but it was not noticed and was 
put back in the line. 

When all was apparently ready the valve outside was 
opened to the tank pressure, and a large spray of water 
issued from the ruptured valve, of which a bystandcr 
and myself soaked up a good supply. The young man 
thought it was from over-pressure, and explained it to the 
fireman by saying that he saw it open up like a clam 
shell—W. H. Corbin, Sharples, W. Va. 
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Bayer Quick-Acting MonkKey- 
Wrench 


A quick-acting and convenient monkey-wrench differ- 
ing from the usual design has been placed on the market 
by the Bayer Steam Soot Blower Co., of St. Louis. Thi 
ordinary thumb-nut is replaced by a sliding collar which 
may be moved up and down the handle to operate the jaw. 
The motion of the collar is transmitted to the screw of 
the wrench by means of a_ pin attached to the collar and 
fitting into a spiral groove in the screw rod. Moving the 
collar toward the outer end of the handle closes the jaws 
and vice versa. When the collar is up against the mov- 
able jaw the wrench is wide open. In this position the 

















Bayer Quick-AcTInGg MONKEY-WRENCH 


wrench may be slipped over a nut. A pull on the collar 
will adjust the jaws, and pressure to do the turning may 
be applied at the same instant. 

Including the cap at the end of the handle, the wrench 
is made up of five pieces: The handle and stationary jaw, 
the movable jaw, the collar, screw rod and cap. The handle 
is a solid steel forging of elliptical shape with a recess 
for the screw rod. The latter is thus protected so that 
there is little opportunity for bending it or getting it out 
of alignment. The collar is easy to move, and altogether, 
the wrench is a most convenient tool. 


B 

Heat Value Calculation—The combustion of a given ele- 
ment always results in the generation of a fixed amount of 
heat. Thus, when a pound of pure carbon burns completely 
(forming CO.), 14,600 B.t.u. is produced. Consequently, the 
heat value of carbon is said to be 14,600 B.t.u. per lb., which 
is the unit of weight almost universally used in this country. 
When a pound of pure carbon burns incompletely (forming 
CO), only 4450 B.t.u. is produced. But if, in turn, the resulting 
24 lb. of CO, which is a combustible gas, is burned, 10,150 
additional B.t.u. is liberated, making the total heat produced 
equal to 14,600 B.t.u., just the same as though the pound of 


carbon had burned completely (to CO.) in the first place. 
Hence, the heat value of CO is 

10,150 

—— = 4350 B.t.u. per Ib. 

2.333 


The heat values for carbon and hydrogen were established 
by experiment and hence probably are not absolutely exact. 
In fact, some authorities give values for carbon as low as 
14,220 and as high as 14,647, and for hydrogen as low as 
61,816 and as high as 62,032, but 14,600 and 62,000 are the 
most widely accepted and used. 
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step-Bearing Accumulator for 
a Vertical Turbine 


By W. R. BANKHEAD 


In the power plant at the Puget Sound navy yard 
there is a 500-kw. vertical turbine, the step bearing of 
which is supplied with oil by two duplex pumps capable 
if delivering oil at 800 lb. per sq.in. The oil passes 
through a baffle before reaching the bearing, which re- 
duces it to a pressure sufficient to support the weight of 
the moving parts. This pressure varies from 155 Ib. at 
no load to 190 at full load. These pumps also supply oil 
to the other bearings of the turbine-and to a tank for a 
cravity system. 

The step bearing has been burned out several times on 
account of the failure of the oil pressure. The pumps 
originally had: no governor nor air chamber to steady 
the pressure. A failure for one second would cause the 
bearing to begin to cut, and the machine had to be shut 
down for repairs. 

An accumulator of some kind was needed, and as the 
space was limited it was decided to install a vertical steel 
tube, into the bottom of which the oil should be pumped, 
compressing the air in the top of the tube, which acts as a 
spring to force the oil out to the step bearing in case the 
oil pump failed. This form of accumulator 
to build than a weighted-piston type, costing 
one-half as much. 

The tube is 11 ft. long, 12 in. inside diameter, and 14% 


is cheaper 
only about 
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in. thick, and is made of seamless rolled steel. In each end 
of the tube %4-in. steel heads were welded by the oxy- 
acetylene process, and when tested to 2000 Ib. hydrostatic 
pressure it was found to be tight; this is necessary to 
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make such an accumulator successful. There is a check 


valve between the pumps and the accumulator and a gage 





Fig. 1. 








VerTICAL ACCUMULATOR A IN LIMITED Space NEAR O1L Pumps 
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between the accumulator and the baffle. The gage is 
so fitted that when the oil pressure falls below 600 lb., 
a gong which can be heard all over the engine room an- 
nounces the drop in pressure. 

Fig. 1 shows the location of the accumulator A. The 
baffle B is at the base of the turbine foundation, and C 
is the check valve between the pumps and the accumula- 
tor. D is the connection to the compressed air. The 
high-pressure oil gage which closes the electric circuit 
is shown at G. The accumulator was first filled with com- 
pressed air at 100 lb. to insure a good supply and to re- 
duce the quantity of oil necessary. Fig. 2 shows the de- 
tails of the alarm system. 

The primary purpose of this accumulator was to guard 
against a sudden failure and to give the operator warn- 
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ing in time to start another pump or to shut down thx 
turbine. For 12 min. after the pump is stopped the ac 
cumulator will maintain a pressure sufficient to support 
the step bearing with the forced lubrication system stil| 
on, and for 23 min. to the step bearing only. 

In practice it has proved better than was .expected. 
as it keeps steady pressure and acts as a governor [o; 
the pumps, which can be run on a wide-open throttle. 

The turbine has been running almost continually for 
eight months day and night without any step-bearing 
trouble whatever. 

Instead of being an uncertain and unreliable machine. 
the accumulator has made this turbine one of the most 
dependable in the plant, and we have been able to “for- 
get” the step bearing. 
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Engine 


By EH. 





SY NOPSIS—Tells in a simple and thorough way 
how to set the valves of a four-valve engine to run 
either over or under. 





In setting the valves of a four-valve engine the usual 
method of placing the engine on the center is used. 
A tram may be used to facilitate marking the different 
positions of the crosshead, crank, ete. 

Turn the engine, which is supposed to run over, until 
the crosshead is at the point of the crank end release Ff, 
Fig. 1, which shows the positions of the crosshead, crank, 
throw of eccentric and rocker-arm in diagram form. As 
the crank-end exhaust valve must be line to line with the 
port to open and, when the crosshead is at C, begin to 
close for compression, it is evident that the rocker-arms 
must be in the same place at these two points of cross- 
head or crank position. 

Therefore, it is not necessary to connect the valves until 
the right position of the eccentric has been found. Set 
the throw of the eccentric near the angle of advance point 
B, and mark the position of the rocker-arm line by a 
line across the pin and hub or hub and pin-boss; then 
fasten the eccentric with the setscrew or a false key and 
turn the engine over to the crank-end compression point 
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C. The throw of the eccentric will now be at D and the 
rocker-arm, instead of returning to F’, will go beyond it 
to G. The eccentric must therefore be turned back until 
the rocker-arm reaches point //, central between F and (. 

To accurately locate H, divide the distance between 
the marks on the hub and pin or pin-boss. The throw 
of the eecentric is now at J and the rocker-arm at H, 
with the crank and crosshead at C. 


Turned over to RF, 
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the throw of the eccentric will be at K and the rocker-arm 
will have moved to Z and back to H. The crank-end ex- 
haust valve can now be set line to line and the rods and 
valve lever put in the desired position. The latter may 
be fastened with a false key and a line drawn across the 
face of the lever and the valve stem to mark the position 
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Fig. 2. 


of the valve. The crank must now be turned back to M, 
the point of head-end compression, and the head-end ex- 
haust valve connected and set line to line with the port. 
The eccentric will now be at N, the rocker-arm at 0. 
Turned over to # or head-end release, the throw of the 
eccentric will be at Q, the rocker-arm at O, the cross- 
head at /, and the valve will begin to open for release. 
The eccentric and valve levers can now be marked for 
keyseating and the rods locked and marked for length. 
To set the admission valves, place the governor in its 
midway position and turn it so that with the weights 
“in,” the throw of its eccentric is in line with that of 
the exhaust eccentric; then fasten it there. Next turn 
the shaft to its crank-end center and throw the weights 
of the governor out. With the valve-gear rods set at 
their proper lengths, set the crank-end admission valve 
line to line with the port and fasten the lever to the stem. 

Now throw the weights in and note how far the valve 
has opened. The designer will give the lead and the lap 
of the valve at dead-centers. Suppose this valve should 
have 14-in. lead and s4-in. lap, it must move 3%; in. by 
throwing the weights out or in. If it does not move 
enough the governor must be advanced, or set back if the 
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valve moves too much. The two large circles, Fig. 2, rep- 
resent the greatest and the least travel of the eccentric. 
The diameters of the two smallest circles, Fig. 2, represent 
the greatest and least travels of the valves, the next larger 
one the bore of the wheel and the two large circles the 
positions of the eccentric with governor weights in and 
out. The are AB drawn from the center of the pivot 
pin P marks the path of the center of the eccentric and 
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Fig..3. Postrions or VALVES 

the two dotted lines drawn from the center of the wheel 
mark the throw of the eccentric at its greatest and at its 
least travel. It will be seen that the position of the gov- 
ernor is given by the distance between the two eccentric 
circles or the amount of valve motion at dead centers; 
also that the throw of the eccentric at least travel is 
opposite the crank and that it is impossible for the valves 
to open if they have lap at dead-center, while the governor 
weights are out. After finding the correct governor po- 
sition the crank-end valve may be set to its proper lap 
and the engine turned over to the head-end center for set- 
ting the head-end valves in the same way. 

Turn the engine over one revolution with the weights 
out to make sure that the admission valves do not open, 
then turn it one revolution with the weights in to note the 
point of admission to the point of cutoff and to see that no 
negative lap occurs from overtravel, which would happen 


r” 
yONK \ , 
RM ¢ a \ a 
— —_—_—— { 
OH E \ J 
i Ae 
Li FN ¢ 
Powee Op 


Fig. 4. 


if the yalve in Fig. 3 were turned further in the direction 
of the arrow. By decreasing the governor travel the neg- 
ative lap may be reduced if it is not over jg in.; if more, 
a new valve is usually required. The governor, valve 
levers and rods can now be marked as described. 

To reverse this engine set the exhaust valves by turn- 
ing the shaft to R, Fig. 4, the point of crank-end_ re- 
lease, when the engine is running under. Then turn the 
eccentric in the running-over direction until the crank- 
end exhaust valve is line to line with the port. The throw 
of the eecentric will be at J, the rocker-arm at H and, 
turned over to (, the throw will be at K, with the valve 
again closing for compression. ‘The head-end exhaust 
Valve will be line to line at FZ and C. 
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The weight-arms of the governor and the springs and 
links require changing to throw the eccentric the other 
way. The key has to be taken out and the governor turned 
in the direction of running “under” until, with the engine 
on its crank-center and the governor weights “in,” the 


Weights out 





Fig. 5. 


Fasten the 
governor and turn the engine under to the head center 
and the head-end valve will show the same lead. Now 
throw the weights out and examine the lap; if it is not 
quite right the governor may have to be moved a little 
either way. The engine is reversed and the new key- 
ways may be marked. 


erank-end admission valve has 1-in. lead. 


Fig. 5 shows the position of the eccentric for running 
under and also the keyways for running the engine in 
both directions. 
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Wrong Voltage on Motor 


By J. A. Horron 


An operator complained that his induction motor was 
overheating and stated that it was free from grounds; that 
the trouble was in the motor itself because the one that it 
had replaced operated normally up to the time of its re- 
placement; and that his service voltage was 550 to 600. 
He added that one phase took hardly any current, while 
the two other phases did all of the work. 

As the replaced motor had operated normally, the un- 
balanced symptom suggested a reversed internal connec- 
tion. Accordingly, a winder was sent to inspect the end 
connections and to change them if necessary. No changes 
were needed because the connections were all right. Just 
after trying the motor and before the oil switch had been 
opened, the winder approached the connections with the 
intention of taping some bare ones. The operator hastily 
opened the oil switch and warned him that the line volt- 
age was 550 volts and that one leg was grounded through 
a fault. 
he had looked at the nameplate of the motor and, as he 


The winder was no general trouble man, but 


had seen 440 volts marked on it, he failed to see any good 
reason why a 440-volt motor should be operated on a 550- 
volt circuit. 

As far as the unbalancing of the phases was concerned, 
what had seemed to be an. unbalanced condition was due 
to the fact that the operator, in using a single ammeter 
on a three-phase circuit, failed to note that the current 
had changed while changing his meter from one leg 
of the circuit to the other. The three legs had not been 
read under like conditions of the load. 


Wrong voltage was the only trouble. 
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oiler Code Approved 


by Council 


Something of an event in the history of the American 
Society of Mechanical Engineers occurred Saturday, Feb. 
13, when the council approved the proposed Boiler Code 
finally submitted by the committee appointed for that 
purpose. Probably no one appreciated what an important 
undertaking this would prove when the suggestion was 
first made that the society draft standard specifications 
for the construction, equipment and use of steam boilers 
with the hope that they might be made the basis of uni- 
form legislation in the several states. Certainly no one 
anticipated the monumental task it would develop into, 
nor the keenness of the interest that would be enlisted 
from so many quarters, many of them unexpected. One 
member of the council in moving a vote of thanks to the 
committee characterized the code as the greatest single 
piece of work that the society has ever done. 

In spite of the opposition that was manifested, espe- 
cially in the early part of the committee’s work, by the 
various industries which feared the code would tend to 
injure their business and were jealous lest others might 
obtain advantages over them in one way or another, all 
of these conflicting interests were finally reconciled; the 
council approved the code unanimously and even from 
outside of the society there is practically no objection to 
the code in its final form. 

It is reported that immediately it became possible to 
secure a copy of the code in its approved form, one was 
rushed to Indianapolis to be embodied in a bill to be pre- 
sented, and it is believed that the State of Indiana will 
adopt the code entirely in the very near future and that 
eight to a dozen-other states are all ready to follow suit 
before many months have passed by. The council voted 
not to discharge the committee, but to continue it in- 
definitely with the idea that it may be made a permanent 
committee by action of the society, with power to revise 
the code from time to time whenever that may be war- 
ranted due to ‘advances in the arts. This.committee was 
augmented to include not only the original members, but 
the later advisory committee of eighteen members. 

While the existence of the committee dates back to 
Sept. 15, 1911, when it was appointed during the presi- 
dency of the.late Col. EK. D. Meier, “to formulate stand- 
ard specifications for the construction of steam boilers 
and other pressure vessels and for the care of same in 
” most of its real activity has been shown during 
the past year. 

The council’s instructions were to formulate a model 
engineers’ and firemen’s license law, a model boiler-in- 
spection law and a standard code of boiler rules. The 
necessity of properly constructing, installing and inspect- 
ing boilers was naturally to receive consideration and the 
make-up of the committee was appropriately chosen. The 
accompanying portraits show the original members. 

The chairman, John A. Stevens, at the age of 27 was 
granted an unlimited engineer’s license for ocean steam- 
ship—highest class. He resigned as first assistant en- 
gineer of U. S. M.S. “St. Paul” in 1893 to take the 
position of chief engineer of the Merrimac Manufactur- 
ing Co. in Lowell, Mass. For eleven years he made all 


service, 


power-plant layouts and estimates for this company. In 


1907 he was appointed by the Governor a member of th 
Massachusetts Board of Boiler Rules and served tw: 
terms of three years each, during the first of which th 
Massachusetts rules were formulated, which have sinc 
been the pattern of so many other states. Since 190: 
he has practiced consulting engineering. 

The other members of the committee included. tw: 
professors of engineering, two boiler manufacturers, a 
steel-plate manufacturer and an insurance engineer. 

Prof. R. C. Carpenter is professor of experimental en 
gineering at Sibley College, Cornell University, Ithaca. 
N. Y., a consulting engineer with extensive practice and 
experience in the boiler field, the author of “Experimenta! 
Engineering” and other engineering books, and is fre- 
quently called as an expert witness in legal cases con- 
cerning boilers. 

Prof. Edward F. Miller is professor of steam engi- 
neering at the Massachusetts Institute of Technology, 
Boston, Mass., and similarly qualified by experience. His 
special services on the committee were in connection with 
the safety-valve specifications and mathematical formulas. 

Col. E. D. Meier, since deceased, was the president and 
chief engineer of the Heine Safety Boiler Co., St. Louis, 
Mo., and a builder of water-tube boilers. 

Richard Hammond, president of the Lake Erie Engi- 
neering Works, Buffalo, N. Y., brought the experience 
of a maker of marine and tubular boilers to the commit- 
tee. His advice was especially helpful in relation to rules 
concerning large-diameter boilers and stayed surfaces. 

Dr. Charles L. Huston, vice-president and works man- 
ager of the Lukens Iron & Steel Co., and also of the 
Jacobs-Shupert U.S. Fire Box Co., was particularly val- 
uable to the committee as its special metallurgical expert. 
for he is one of the foremost investigators into the sci- 
entific manufacture of iron and steel plate. 

Finally, as the representative of the field of boiler in- 
spection and insurance, William H. Boehm, superintend- 
ent of the departments of steam boiler and flywheel insur- 
ance of the Fidelity & Casualty Co., New York, rounded 
out appropriately the committee’s personnel. 

A first preliminary draft of the rules proposed after 
consideration had been given to the rules then in force 
in such states as had any, was prepared and distributed 
among authorities qualified to criticise it and make sug- 
gestions at the St. Paul meeting of the society in May of 
last year. The interest aroused prompted the arrange- 
ment for a public hearing in New York in the fall: This 
took place in September and another in October, after 
which the code was revised and a third printing made 
of the preliminary draft. The fourth printing was called 
a Progress Report and brought formally before the an- 
nual meeting in New York last December. The unusu- 
ally extended discussion which ensued has already been 
referred to. Shortly thereafter there was a conference 
with the boiler manufacturers’ association at which it was 
decided to revise the code at once while the suggestions 
were fresh in mind and submit the details to represen- 
tatives of all organizations and interests who would be 
affected by the proposed code. The result was the ap- 
pointment of the following advisory committee : 
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A.S.M.E. Committee on Uniform Boiler Specifications 


| The United States has less leg- 
islation regarding boilers than 
any other civilized country— 
and more explosions. 








American industries can now 
afford a little better boiler for a 
little more money, and a little 
more regard for human life. 























Dr. Chas. L. Huston 


















































XN 














Col. E. D. Meier | JS ig? ORES Prof. Edwd. F. Miller 
" : wey >. cs = i 


The report of this committee 
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>. S. Jacobus, advisory engineer, Babcock & Wilcox Co., New 
York. 

4“. H. Clark, general superintendent of motive power, Balti- 
more & Ohio R.R., Baltimore, Md. 

{. H. Vaughan, assistant to vice-president, Canadian Pacific 
Ry., Montreal, Canada. 

A. L. Humphrey, vice-president and general manager, West- 
inghouse Air Brake Co., Wilmerding, Penn. 

Karl Ferrari, Erie City Iron Works, Erie, Penn. 

H. G. Stott, superintendent of motive power, Interborough 

Rapid Transit Co., New York. 

Moultrop, assistant superintendent construction bureau, 

idison Electric Illuminating Co. of Boston, Mass. 

W. F. MacGregor, superintendent of experimental department, 
J. I. Case Threshing Machine Co., Racine, Wis. 

Richard D. Reed, H. B. Smith & Co., Westfield, Mass. 

M. F. Moore, assistant to president, Kewanee Boiler Co., Ke- 
wanee, Ill. 

S. F. Jeter, supervising inspector, Hartford Steam Boiler In- 
spection & Insurance Co., Hartford, Conn. 

“Thomas E. Durban, general manager, Erie City Iron Works, 
Erie, Penn. 

F. W. Dean, consulting engineer, Boston, Mass. 

William F. Kiesel, assistant mechanical engineer, 
vania R.R., Altoona, Penn. 

Arthur M. Greene, Jr., professor of mechanical engineering, 
Rensselaer Polytechnic Institute, Troy, N. Y. 

Charles E. Gorton, Gorton & Lidgerwood Co., New York. 

Elbert C. Fisher, vice-president and general manager, Wickes 
Boiler Co., Saginaw, Mich. 


I. E. 


Pennsyl- 


Cc. W. Obert, associate editor, American Society Mechanical 
Engineers, and secretary to the Boiler Code Committee, 
New York. 


The work of revision has continued without interrup- 
tion, since December 15, except for Sundays and holidays 
including both day and night sessions. After so tedious 
a grind it is naturally very gratifying to the hard-worked 
committee that its efforts have been successful and the 
report received by the council. For its part the council 
and all the members of the society, and engineers and 
others outside of the society too, for that matter, should 
and do feel their obligation for the earnest work of the 
men engaged on it. Is it too much to say that humanity 
generally should honor these men, for their efforts are 
certain to result in decreased loss of life and property 
from boiler accidents ? 


New Blackburn-Smith Twin 
Filter 


A new type of Blackburn-Smith feed-water filter and 
grease extractor, having twin bodies controlled by a sin- 
gle set of inlet and outlet valves, is built by James Beggs 
& Co., 38 Warren St., New York City. 

A plant carrying a varying load, or one which operates 
twenty-four hours per day, requires a filter having con- 
siderable flexibility as to capacity, and one which would 
permit of the cleaning of one part while the other was in 
operation. If such a filter were of such size that either 
side alone could carry the regular load, then the two 
sides could be thrown in during the peak load, and so fil- 
ter the water at all times without interference by the 
necessary cleanings. This filter, Fig. 1, is designed to 
meet such conditions. 

The turning of both valves to one limit bypasses the 
corresponding body, and the other body is bypassed by 
turning both valves to the other limit, thus permitting 
the alternate operation and cleaning of either side. The 
combined operation of both sides, as would be desirable 
during the peak load, is accomplished by turning the 
valves to mid-position. 

The filter is made up of a number of parts, so that 
breakage or disarrangement of any particular section 
does not necessitate the discontinuance of all filter service. 
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The valves are of the double-seat type and the disk work 
ing between the seats is self-seating, which prevent leak 
age due to dirt deposited on either disk or seat. 

The filter chests are the same as in the single type o 
filter, each divided into an inlet and an outlet chambe: 
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Fic. 2. SECTION THROUGH THE. FILTER 


by a partition carrying the filtering cartridges. Fig. 
2 is a sectional view. The opening ofthe filter for clean- 
ing is facilitated by the use of a cover held by swing 
bolts. A crane with a turnbuckle lifts, swings and holds 
the cover during cleaning. 


mS 


Cast Iron—The average weight of cast iron is taken at 
450 lb per cubic goot, or 37.5 per sq.ft., one inch thick. 
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The Boiler Code’s “Commencee- 


ment’’ 

College graduation exercises are significantly called 
“Commencement.” To be sure, Commencement marks 
the completion of the students’ college course, but the be- 
vinning of their serious or useful life. On page 268 we 
report the Boiler Code’s “Commencement.” 
of preparation is completed and it has obtained the de- 
vree of A. S. M. E., which in this case is added before 
its name instead of after. A great work is done, but 
another great work is just beginning, without which all 
the labor of compiling the code would amount to naught, 
for until the states or municipalities adopt it into their 
laws and, indeed, until the laws are enforced no real good 
will be accomplished. 

It must be gratifying to those who have given them- 
selves so unselfishly to the task of getting the code in 
shape, at no inconsiderable expense of time, money and 
effort, to find many states and cities already eager to 
avail themselves of this expert assistance in getting 
proper statutes on their books regulating steam boilers. 

This great movement to promote the safety of boiler 
operation has started auspiciously. As stated in the ar- 
ticle referred to, Indiana has already prepared to apply 
the code and it may even be a part of this state’s laws 
before this issue of Power reaches its readers. Indiana 
will thereby have the distinction of being the first to 
adopt the code after its approval by the council of the 
American Society of Mechanical Engineers. Wisconsin, 
however, stole the march on all her sister states by adopt- 
ing it before its completion, in the law which went into 
effect January 1, 1915, for this law provides that the code, 
as soon as approved, shall become a part of it. Penn- 
sylvania and Tennessee have departments already estab- 
lished, administered by the police authority, which prom- 
ise to adopt the code, and Ohio, now operating under an 
excellent set of laws, has intimated her intention to re- 
vise them to conform with the uniform code. Active 
work is also being taken up in New Jersey and ‘Florida, 
and the prospects for other states following suit in the 
near future are excellent. 

To speed the good work of bringing the code to the 
attention of the law makers a legislative committee has 
been formed, representing three branches of the boiler- 
making industry. Its members are: Isaac Harter, Jr., 
of the Babcock & Wilcox Company, representing the 
American Boiler Manufacturers’ Association; Thomas E. 
Durban, of the Erie City Iron Works, representing the 
National Tubular Boiler Manufacturers’ Association ; 
and H. P. Goodling, of the Farquhar Company, repre- 
senting the National Association of Thresher Manufac- 
turers. Thus the water-tube, fire-tube and portable boil- 
er interests have united to bring about with all possible 
dispatch that condition which will be so much to their 
a|vantage—uniform requirements in all localities, so that 
their product built to meet one standard set of specifi- 
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cations may be used in any part of the country without 
modification. 

That Power takes a keen satisfaction in this wave of 
reformation goes without saying. It will not imitate the 
daily newspapers which delight in attempting to appro- 
priate the credit to themselves whenever a cause they have 
championed triumphs. While it is only fair to claim 
that no single institution has so consistently and persist- 
ently and for so long a time urged the need of proper 
laws to safeguard the handling of steam boilers as has 
Power, to which its pages for many years back bear wit- 
ness, it suffices us that the much looked-for end is now 
in sight, and we are glad to bestow the credit where credit 
is due. We honor ourselves in saying “well done” to 
the men who have finally crystallized our cries and those 
of many others, that there should be laws, into these 
definite recommendations that these are the laws that 
should be. With this change of text we shall continue 
to preach the doctrine and plead for the adoption of the 
A. S. M. E. code. 


License Activity in New York 
City 

The Mayor and his advisers are bending their efforts 
to centralize the licensing of buildings, electrical work, 
engineers and firemen, etc., under one head, namely, the 
present Bureau of Licenses. As far as the Boiler Squad. 
which now performs the function of licensing engineers 
and firemen and of inspecting boilers, is concerned, 
the proposed plan is to allow it to continue inspecting 
boilers, while men from the Squad would be assigned 
to the Bureau to examine applicants for engineers’ and 
firemen’s licenses. 

Engineers of the city have been alarmed because they 
understood that all of the functions of the Boiler Squad 
were to be exercised by another department. Because the 
present work of the Squad is satisfactory, a change was 
not looked upon with favor. But the change as proposed 
by the Mayor’s committee is really of little significance as 
far as the engineers and firemen are concerned. One or 
two bills covering the function of licensing of various 
men and kinds of work in the city have been introduced 
in Albany, but it is too soon to tell just what dispo- 
sition will be made of them. If passed as originally writ- 
ten the Boiler Squad will become defunct. 

It must be admitted that the Police Department is not 
the logical body to administer the work of inspecting boil- 
ers and licensing engineers. The real solution of the ques- 
tion is the creation of a state board to conduct such work. 
This does not necessarily mean that local boards could 
not exist contemporaneously, as we point out editorially 
in this issue. 

The Boiler Code Committee of the American Society of 
Mechanical Engineers in its report just completed, has 
made quite complete recommendations on uniformity of 
boiler construction. Probably, before very long, a sup- 
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plementary report embodying recommendations as to the 
uniformity of boiler inspection and of the licensing of en- 
gineers and firemen will be presented. These recommen- 
dations will be scientific. They will be based upon all past 
experience in such work and will embody the best of all 
that demonstration has proved good. They will be satis- 
factory to all of the various interests involved. 

The Boiler Squad has been guilty of disreputable acts 
in the past. It is likely to go wrong again at any time, 
and those interested would again be confronted with the 
old conditions. If there must be local boards in New 
York and Buffalo, the two cities that have combated a 
state law the hardest, let them have them, but they should 
conform to the regulations of the state board. 

It is not too soon for engineers and owners in New 
York who are interested in their own welfare and in 
public safety, to create sentiment favoring a state law 
embodying the recommendations of the American Society 
of Mechanical Engineers as to uniformity in construction, 
inspection and licensing. 


= 


State and Local Inspection 
Departments 


In states where some of the principal cities are already 
provided with departments for inspecting boilers and ex- 
amining and licensing engineers, efforts to pass a state 
law are hampered by the opposition of local politicians 
and officials, who fear the loss of the patronage and _ po- 
sitions which go with the municipal ordinance. There is 
also to be dealt with the Home Rule sentiment, and the 
natural reluctance to give up a successful local adminis- 
tration for one administered from the capitol, which would 
have less direct contact with local men and conditions. 

But the state-wide law need not involve the abandon- 
ment of the local systems. Most of the state laws either 
exempt from inspection boilers which are under the care 
of boiler-insurance companies authorized to do business 
in the state, or, better, accept the findings of inspectors 
of such companies after such inspectors have been ap- 
proved by the state department having charge of boiler 
inspections, thus becoming pseudo state officials, although 
in the pay of their respective companies. In this way the 
state department has a record of all boilers and is as well 
assured of their satisfactory condition as though they 
were inspected by men paid by the department. itself. 

The same principle may well be, and in Wisconsin is, 
extended to municipal departments. The local board goes 
on making its own inspections and examinations, granting 
its own certificates, keeping its own records, and collect- 
ing its own fees, but in addition reports to the state de- 
partment, which is thus able, in connection with its own 
work in those parts of the state which have no local sys- 
tem, to keep a complete record of all the boilers and engi- 
neers in the state and to exercise some supervision over the 
whole. ‘The state board may, for example, adopt a code 
of boiler rules, such as that recently completed by a 
committee of the American Society of Mechanical Engi- 
neers, the requirements of which would be enforced by the 
local and insurance, as well as by their own inspectors. 
This would result in uniformity of practice, not only as 
between different parts of the same state, but, it is hoped, 
as between the states themselves, for state boards would 
probably avail themselves of the expert work which has 
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been expended upon the production of this code, and al 
adopt practically the same requirements. An associatio) 
of the heads of state departments could be a clearing hous 
for information deduced by the investigations and ex 
perience of each, and by recommending revisions of th: 
code as the advisability of such revisions develop, main 
tain substantial uniformity throughout the nation. An 
the local inspectors would be a part of the system and i: 
line for advancement to the positions of larger responsi 
bility and emolument which it offers. 
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The Exposition Opens 


February 20 the greatest world’s fair to date opene:| 
its gates. Our leading article this week is an extensive 
account of the Exposition, covering somewhat its genera! 
features, but more particularly such as will especially in- 
terest the engineering field. This is the first of a num- 
ber of articles which we expect to present, dealing more 
in detail with the exhibits with which our readers will 
be concerned, and in the fall an account will be given of 
the International Engineering Congress, which likewise 
will be the most notable that has occurred. 

The Exposition stands as a commemoration of the 
greatest piece of engineering in history—the connecting 
of the Atlantic and Pacifie by a canal across the Isthmus 
of Panama, the benefits of which to mankind will continue 
down the centuries. The Exposition can hardly have so 
far-reaching an effect, but if it repeats the experience 
of like undertakings of the past it will mean much in 
furthering the progress of all lines of human endeavor 
by showing what has thus far been accomplished, and 
thereby indicating the directions in which continued im- 
provement is to be desired. 

A fair of this kind is, naturally, of most direct ad- 
vantage to those who can visit it, and no one who has the 
opportunity to get to San Francisco should neglect it. It 
is a liberal education in itself. Next best is to read the 
descriptions of it which will appear in the periodicals 
of all kinds. This, too, is an opportunity not to be over- 
looked. Present-day achievements in the illustrating and 
printing arts bring within the means of all the ability 
to gain much of the good that would come from an actual 
trip to the Fair. But seeing the Fair and reading about 
it both require a disposition on the part of the individ- 
ual to avail oneself of the opportunity to broaden one’s 
knowledge. 

More indirect, but of certain advantage to the most 
indifferent, is the influence which such an exposition has 
on the world at large by stimulating a striving for better 
things in all lines—art, business, profession or calling of 
any kind—in consequence of the examples set by the ex- 
hibits and in other ways. No one can visit such an 
impressive collection of the world’s best without coming 
away with new ideas to apply, and these in turn inspire 
those who do not go. 

Innumerable endless chains of uplift are started with 
every such demonstration of modern achievement. The 
greater the undertaking, the greater the effect. If argu- 
ment were needed it could be continued ad infinitum to 
justify all the stupendous labor and expenditure involved 
in the Panama-Pacific Exposition. Thanks be for the 
inspiration that conceived the idea and the energy which 
carried it to fruition ! 
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Cost of Steam 

Hi. L. Strong’s article on page 133 in the issue of Jan. 
2), under the above heading, strikes an important note. 
‘very engineer is interested and anxious to know how 
much it costs to make steam in the other fellow’s plart, 
hut the mere statement that A’s steam costs 25c. per thou- 
sand pounds does not tell it all. However, it may be 
used as a basis for comparison and a standard method of 
arriving at this cost should be used. The statement should 


contain the following items: Coal, ———— lb. at —--——; 
Water, ——— gal. at ————; Power for Electric-Driven 


Auxiliaries; Labor; Miscellaneous Expense; Mainte- 
nance; Fixed Charges. The first three items are self-ex- 
planatory. 

Under “Labor” should be charged supervision, fore- 
man, fireman, ash- and coal-conveyor operators, boiler 
cleaners, ashmen and shovelers, helpers and laborers, and 
all other labor, aside from maintenance, incident to oper- 
ating the station. 

“Miscellaneous Expense” takes care of oil, waste, ete. 

“Maintenance” should include labor and materials re- 
quired to maintain in proper condition buildings, stokers, 
conveyors (ash and coal), boiler-room auxiliaries, pipes 
and fittings, feed pumps, electrical apparatus, and all 
other tools or apparatus used in the boiler room in con- 
nection with making steam. 

Under “Fixed Charges” shouid be charged depreciation 
of buildings and equipment, insurance (boiler and fire) 
and taxes. 

The sum of these items gives us the total cost of produc- 
ing steam. This sum divided by the net amount of steam 
generated, from and at 212 deg. F., and multiplied by 
1000, gives the cost per thousand pounds of steam, from 
and at 212 deg. F. “Net” steam is the steam produced 
by the boilers which is available for power, ete. It is the 
total feed water less steam lost by blow-down and that 
used by boiler-room auxiliaries, or the amount registered 
by flow meters on the outlet from each boiler, less the 
steam used by auxiliaries. From records of steam pres- 
sure and feed temperature it is a simple matter to reduce 
to pounds, from and at 212 deg. F. 

After tollowing the above form or an equivalent and 
arriving at the cost of steam per thousand pounds, there 
are three important items to be considered before the costs 
in different plants are comparable. These are (1) cost 
of fuel, (2) load factor, and (3) equipment. 

(1) Cost of Fuel—If the cost of the coal used in two 
plants is known and the charges against cost of steam 
are kept in accordance with the foregoing form, it is a 
simple matter to adjust the charges and determine what 
the total costs would be if the fuel costs were the samme. 
lor instance: A burns 2000 tons of coal per month, at 
st per ton and his steam costs 28c. per thousand pounds. 
Ii his coal cost him $3.50 per ton the total charges for the 
tionth would be $1000 less and, consequently, the cost per 
thousand pounds of steam would be correspondingly 
lower, 
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(2) Load Factor—The character of the load on a 
boiler plant has considerable to do with the cost of out- 
put. A plant whose load is steady, with small fluctua- 
tions, such as a central lighting and power plant, can 
produce steam cheaper than, say a plant supplying an in- 
dustry where steam is used for driving engines or tur- 
hines, for drying ovens, for miscellaneous manufacturing 
purposes and for testing manufactured apparatus, under 
which conditions it may be necessary to carry banked fires 
under one thousand horsepower*or more of boilers. In 
order to keep costs comparable, the coal used for banking 
should be kept account of separately from that used for 
loaded boilers. Only the coal used for actually producing 
steam should be charged to the cost of steam. This bank- 
ing, or stand-by, coal should be charged to the depart- 
ments responsible, and should not be charged to one boiler 
plant when making cost comparisons with others. 

(3) Hquipment—There is no way of bringing a va- 
riety of equipment to a standard basis. However, if the 
other two factors are made equitable, then, if there is 
much difference in the cost of producing steam in two 
plants, it is fair to claim that it is due to equipment and 
management, and the plant which shows the cheaper 
production should be given the credit for having the more 
efficient equipment and organization. 

C. W. Howarp. 

Erie, Penn. 

& 
Purchasing Coal 

Under the above caption, in your editorial in the issue 
of Jan. 26, you say all coal mined must or should be used 
as fuel. Your argument is good as far as all coal is con- 
cerned, but if the substance delivered at the plant con- 
tains 15 per cent. or more of slate, then the only apparent 
remedy for this condition is for the consumer to protect 
himself by the B.t.u. clause in his contract. In the plant 
of which I have charge we buy all our coal on the 3B.t.u. 
basis, and since we adopted this method (three years ago) 
we show a saving of from 10 to 30 per cent. As to cost 
of analysis, it is small compared with the saving effected. 

Our contract reads $2.20 per ton (2000 lb.) (nut and 
slack), coal to test 13,400 B.t.u. per pound (100 either up 
or down not to be taken into consideration), moisture 
not to exceed 2 per cent., ash not to exceed 10 per vent., 
samples to be taken with a 2-in. pipe from each load as 
delivered; part of each sample to be put in a can and 
sent to a chemist satisfactory to both parties, on the thir- 
teenth and twenty-seventh of each month; consumer ‘to 
pay for the analysis, which is $3.30 for each sample, or 
$6.60 per month. There are coal companies that refuse 
to consider any contract that has this clause included in 
it, which goes to show that it is a good thing for the 
consumer, 

In January of last year there was a shortage of coal 
in this city, and dealers took advantage of that condition 
and boosted the price 50c. per ton, and delivered anything 
that looked like coal. Of course we got the same grade 
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of coal that the other plants did, but we were protected 
by our B.t.u. clause and instead of paying $2.70 and some- 
times higher, we paid $1.745. The plant consumed 264 
tons that month, which if it had stood up to the guarantee 
of 13,400 B.t.u. would have cost us $2.20 XK 264 = 
$580.80, but on account of low B.t.u. the price went down 
to $1.745 & 264 = $460.68, or $114.12 rebate. 

Now, suppose we had been like the other fellow and 
were paying $2.70 per ton, we would have paid $2.70 
264 = $712.80 for that same coal that cost us $1.715 per 
ton, or $252.12 more than we actually paid. You must 
admit that this is a good proposition for the consumer, 
your employer. If the coal runs above the guarantee 
of 13,400 B.t.u. you can well afford to pay the premium. 
To sum the whole matter up, it places the consumer 
in a position where he can get just what he pays for and 
pays for just what he gets. 

In times gone by the coal game has been in the hands 
of the dealer, but a B.t.u. contract evens up the game and 
vives the plant owner an equal show. 

O. Newton. 

Lakewood, Ohio. 
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Compressor Trouble Due to 
Throttled Suction Line 


Several changes had been made in the equipment of a 
small refrigerating plant, including the addition of a 
compressor the size of the old one. The new machine 
did not produce the expected gain in refrigerating ca- 
pacity; in faet, when run alone on the load it failed to 
do the same work as the old compressor. It was decided 
that the suction liae was too small to serve the two ma- 

Automatic Check 


Compressor CONNECTIONS 


chines, so a duplicate line was put in. 
matters but little. 
The suction gage on the new machine registered 8 Ib. 


This improved 


lower than the one on the old compressor when running 
and would inerease 3 to 4 Ib. after the machine was shut 
down. ‘There was no gage tester available, so the in- 
crease was ascribed to inaccuracy of the gage. This com- 
pressor ran much warmer than the old machine. 

An automatic check valve was provided in the suction 
line, as shown. One day when the machine was started 
the engineer was surprised to hear a hissing sound in the 
valve similar to that made by steam passing through a 
throttled valve. He found the bypass open and closed 
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it as it should be in normal operation. This stopped th, 
noise, but did not satisfy the engineer, for he correct}: 
reasoned that if there had not been a considerable diffey 
ence in pressure on the two sides of the check valve there 
would have been no hissing sound. He noticed by thi 

time that the suction gage indicated 10 lb. lower o 

this machine than on the old one, which was 2 Ib. great 

than it had ever been before; the machine was also hotter 
than usual. 

The valve A had been closed when he took charge, ani 
he had been told by several who were supposed to kno 
that it was to be kept closed. He opened it a few turns. 
and immediately the machine began to pound heavily. 
Tle closed the valves, and after a few revolutions the ma 
chine ran normal. 

The engineer reasoned that there must have been an 
accumulation of liquid in the suction line back of the 
check valve, and when he opened the valve A this opened 
the check valve wide, and the accumulated liquid was 
swept into the machine. He decided to try again, hut 
first he shut off the liquid line to the expansion coils and 
pumped down until the machines were running hot so as 
to be sure to prevent slugs of liquid remaining in the suc- 
tion line. Now he opened the valve A gradually. The 
suction gage jumped from 10 lb. lower than the other 
gage to 5 lb. above, the machine cooled to the same tem- 
perature as the other, and the clattering of the valves 
that had always been present was silenced. 

The trouble was in the check valve. This valve is in- 
tended to shut off the suction pressure in case of accident 
or blowout on the machine or discharge line. It depends 
on the head, or discharge pressure, to keep it open. The 
valve A being shut, there was little pressure in the pipe 
leading from it to the check valve, and consequently the 
check valve was nearly closed, which throttled the flow 
of gas to the machine. There was a welcome increase in 
capacity, and the new machine now does as much as the 
other. 

Tomas G. THURSTON. 
Chicago, Il. 
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Cement as Furnace Lining* 

Part of our boiler plant consists of four 90-in. return- 
tubular boilers rated at 400 hp. each and frequently de- 
veloping as high as 700 hp. as indicated by the flow me- 
ters. Induced draft is used, and the coal burned per 
square foot of grate averaged, until recently, about 20 
Ib. One of these boilers has a concrete setting, which in 
other respects is the same as for the other three boilers, 
which are brick set. The furnace was lined with fire- 
brick and the bridge-wall was of the same material, but 
the combustion-chamber walls were bare concrete. These 
walls were approximately 2 ft. thick and had a 2-in. air 
space. I have no information as to the mixture, but ap- 
varently it was about 1:3:5 cement, sand and crushed 
stone. 


The boiler has been in service twenty-four hours per 
day for about three-fourths of the time, for about ten 


years. The furnace lining has been renewed repeatedly, 


but nothing was done to the setting until a few months 
ago, when it was found that the combustion-chamber 


walls had wasted away nearly to the air space; in fact, 
we cut into the air space in cleaning away the burned 


*See “Power,” Dec. 15, 1914, p. 


840; Jan. 12, 1915, p. 
26, p. 131, and Feb. 2, p. 169. 
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naterial. The only practicable repair was a brick lin- 
ig, which was accordingly put in. A new concrete lining 
‘ould have been put in if there had been sufficient time 
‘o allow the concrete to set or harden before using it. 
in other respects the setting is sound except for two or 
three old cracks. These boilers have not all been in the 
-ame length of time, but the two nearest the age of the 
conerete-set one have had all or part of the combustion- 
hamber linings renewed. The worst fault with concrete 
<cems to be the difficulty of repairing, when that becomes 
necessary and this example seems to indicate that for 
boilers operated moderately a concrete setting with a fire- 
hrick-lined furnace will last as long as the boiler. 

H. L. Srrona. 
Yarmouthville, Maine. 


Carburetion Trouble 


In connecting up, for emergency use on _ gasoline, 
a small gas engine that had been operating on natural 
gas, considerable trouble was experienced at first in 
vetting satisfactory operation. The engine was still to 
he operated normally on natural gas and was piped so 
that it could be switched from one fuel to the other by 
changing valves. The gasoline carburetor was connected 
to the air suction pipe as shown in the sketch, the other 
branch of the air pipe having a meter cock in it. By 
closing the meter cock and the natural-gas valve and 
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opening the gasoline supply to the carburetor the engine 
could be run on gasoline; and by shutting off the gasoline 
supply and opening the meter cock and gas valve it could 
he run on natural gas. 

In running on gasoline it was found necessary at first 
to give the carburetor needle valve one full-turn opening 
and after about a half-hour’s run the engine would begin 
to cough, backfire, and slow down. Then if the supply 
were shut off for 4 minute it would pick up again and 
run along all right for about another twenty-minute 
period, when the backfiring and slowing down would 
recur. The trouble lay in the fact that the gasoline, 
having to travel quite a distance from the carburetor 
through the air pipe and the chamber A to the cylinders, 
would not all stay in the gaseous form, but would partly 
liquefy and form a little pool in.A. The engine would 
draw from this pool as well as from the carburetor, and 
would get too rich a mixture and start to backfire and 
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low down. 


= 


POWER 275 


~ 


A small hole was drilled at B with the idea that the 
air suction through it would help to volatilize the gasoline 
which collected at the bottom of A. This helped matters 
somewhat, but still the operation was not uniform. 

The trouble was finally remedied by connecting one 
end of a flexible metal tube to the air intake of the 
carburetor, the other end being attached to a “stove” 
around the engine exhaust pipe at its hottest point. 
This gave the carburetor hot air, and the gasoline re- 
mained in a volatile condition throughout its passage to 
the cylinders. The operation was then uniform and 
satisfactory, and the best running point of the carburetor 
needle valve was found to be one-half turn instead of 
one turn, as previously. 

D. N. McCuinton. 

Pittsburgh, Penn. 


Emery around a Dynamo 


Commenting upon the letter of Mr. Weaver in the 
Dec. 15 issue on “Emery around a Dynamo,” I believe 
that if his rules and advice were generally followed it 
would lead to trouble and give repair men plenty of bus- 
iness. The use of emery on either commutators or brushes 
should be condemned, as even with the utmost care par 
ticles of emery are likely to become embedded in the 
mica, brushes or commutator bars and cause no end of 
trouble by cutting and scoring the bars or brushes. 

The use of oil on a commutator is another bad practice 
that is far too common. If it is necessary to provide a 
lubricant for the commutator a brush with a small per- 
centage of graphite should be used. Oil is bound to get 
into the mica and in time will help carbonize it, caus- 
ing short-circuits between the bars; which, in turn, will 
cause the brushes to spark and the commutator to pit and 
wear. 

If a commutator is badly worn or out of true it should 
be turned off, and if properly done, there will be no need 
to use a file. After turning, the final finish is ol tained 
by the use of fine sandpaper and any burrs of copper left 
from the turning can be picked or cut out with the point 
of a knife or tool. Should the commutator not be in bad 
enough condition to need turning, it can be trued by 
“stoning.” Sand-stones for this purpose can be obtained 
in any desired grade and in various shapes; a handy size 
heing 2x2x-+ in. in a medium-coarse sand. 

In stoning generator commutators the brushes should 
he lifted and the stone applied with a fair pressure. In 
the case of motors in operation it can be accomplished the 
same as sandpapering. After stoning, a finish is ob- 
tained by the use of fine sandpaper, and then all dust 
should be blown off with a bellows or hose and the com- 
mutator wiped with a dry rag. 

After turning or stoning a commutator it is advisable 
to fit the brushes. This is done by placing them on the 
commutator under pressure and running a piece of fairly 
coarse sandpaper back and forth under the brush with 
the sand side toward the brush. This will grind the 
brush down to a surface that conforms to the curvature 
of the commutator. 

There are many different grades of brushes for use for 
different services. It sometimes occurs that the bars 
of a commutator are soft and wear faster than the mica, 
resulting in high mica. An abrasive brush on a commu- 
tator of this sort will cut the mica and the bars at an even 
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rate, or in a case of this kind it is good practice to under- 
cut the mica slightly. Proper undercutting will not 
cause excessive brush wear. Undercutting is usually ad- 
vocated on high-speed machines and is rarely resorted to 
on low- or moderate-speed machines, unless, as has been 
said, the mica tends to remain high between the bars. 
After the commutator of a machine is in good condi- 
tion it will only be necessary to wipe it off occasionally 
with a dry rag. The brushes also should be wiped off oc- 
casionally, but in the majority of cases should not be re- 
moved to do so, as there are few holders in use that will 
permit of the removal of a brush and its exact replace- 
ment relative to the commutator surface. Lifting the 
brush-slightly off the commutator allows wiping it off. 
Ben. J. OPPENHEIM. 
Bound Brook, N. J. ; 


"> 
ea 


Results of Changes im Boiler 
Furnace 


The furnace changes and results obtained, as described 
in the article of this title by Morgan B. Smith, appear- 
ing in Powrr, Jan. 19, p. 92, are similar to what was 
done by Westinghouse Church Kerr & Co. under the 
writer’s supervision at the plant of the Detroit Edison Co., 
at Delray, Mich., in 1909, 1910 and 1911, which work 
was referred to in the discussion of Dr. D. 8. Jacobus’ 
paper on “Tests of Large Boilers,” in the 1911 Proceed- 
ings of the American Society of Mechanical Engineers. 

In the furnaces at Delray the stoker arches were cut 
back and the division walls between the stokers were at 
first constructed so as to come no higher than the fuel 
bed. Later, we went a step further, eliminating the 
division walls between the stokers, moving them together 
so as to present a continuous grate surface across the 
furnace, and substituting a short flat suspended arch for 
the customary construction. By these changes all brick- 
work other than the inclosing walls was removed from the 
furnaces, the troubles with the arches were eliminated 
and better combustion conditions were obtained. 

It is interesting to note that the results obtained by 
us some years ago in the furnaces at the Delray plant are 
confirmed by those reported by Mr. Smith at this later 
time from the use of a similar construction. 

H. O. Ponp, 
Westinghouse Church Kerr & Co. 
New York City. 
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Decreases the Oil Bill 


The work of the power engineer is now primarily con- 
cerned with the diminution and prevention of losses more 
or less secondary in character. One of the best examples 
of this kind that have come to the writer’s attention 
is that of the lubricating oil for one of the largest 
New York City office buildings. When this plant was 
originally installed a high-grade cylinder oil costing about 
fifty cents a gallon was used, and the oil caught by the 
separators allowed to run into the sewer. 

The first economy was the connecting of all oily drips 
to a common receiving tank, from which it is pumped 
to two centrifugal oil separators. These separate the 
oil and water, the oil being returned to the filters and 
then to the oiling system. The water is returned to 
the feed-water heater and from there to the boilers. 
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The next step was the purchase of graphite lubricators 
to be used with the cylinder lubricators on the engines, 
pumps, etc. The graphite lubricators are filled with a 
paste made of graphite and cylinder oil and connected 
in between the cylinder lubricator and the steam pipe. 
The oil from the cylinder lubricator in passing over the 
graphite picks up enough to form a mixture of graphite 
and oil, which lubricates the cylinder. As the lubrication 
is done by the graphite, it is possible to use a much lower 
grade of oil, because the latter acts principally as a carry- 
ing agent for the former. In the case under discussion it 
was possible to use a 25c. oil, which, with the cost of the 
graphite, reduced the cost from 50c. to under 30c. per gal. 

The separators in handling the oily drips discharge 
the water and oil as formerly, and also catch and retain 
the graphite on the plates. These are cleaned every week 
and the graphite is used in the boilers in place of 
compound. This system has been in operation for some 
seven or eight years, and the oil is used over and over 
without showing any reduction in lubricating qualities. 
The make-up oil required costs less than $250 a year, and 
it is calculated that the savings effected pay for the cost 
of the equipment about once every 11 months. The cost 
of the separators was about $500 each and the graphite 
lubricators $15 each. The equipment for this change cost 
less than $2000 and returns a profit of fully 100 per cent. 

W. L. Duranp. 

Brooklyn, N. Y. 


cS 
Changed Gear Ratio 


Changing the gear ratio of a motor drive is not a wise 
procedure unless the person making the change knows 
the probable result. A change that will slow the arma- 
ture may increase its load beyond safe limits, and a 
change that will make the armature run faster may in- 
crease its speed beyond the tensile limit of its band-wires. 
The folly of random gear changes on direct-current trac- 
tion vehicles of various kinds can be testified to by some 
crane and car operators. Induction motors, while sim- 
larly subject to overloads incident to decreased gear ra- 
tios, offer the assurance that they will never exceed syn- 
chronous speed very much, even when driver by the grav- 
itation of their connected load, and will never reach syn- 
chronous speed when driven by the current alone. Above 
synchronous speed, alternating-current motors have a 
tendency to load themselves by generation. 

There are times when changes in gear ratio may be 
productive of improved operation. An operator of a 
large locomotive turntable had a gasoline engine installed 
on one end of the table. The engine did well until traf- 
fic increase demanded faster motive power. He then sup- 
plemented it with a three-phase induction motor, in- 
stalled on the opposite end of the table. The motor 
handled the work twice as fast as the engine had, but for 
several reasons, including variable voltage, variable fre- 
quency and abusive handling, it began to give trouble by 
heating. Ammeters showed that the motor was never 
overloaded except at starting, but that it was starting a 
large proportion of the time. To ease the starting, the 
gear ratio was increased 20 per cent. This stopped all 
trouble without materially affecting the speed of oper- 
ation, because the armature ran faster. 

J. A. Horton. 

Schenectady, N. Y. 
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Highest Temperature of Feed Water with Open Heater— 
Why cannot the temperature of water in an open feed-water 
heater be raised higher than 212 deg. F.? 

H. R. 

Because the water is under atmospheric pressure, and 212 
deg. F. is the temperature at which water is converted into 
steam at that pressure. 

Relative Transmission by Rubber and Leather Belting— 
What thicknesses of rubber belting are equal for transmis- 
sion of power to single and double leather belts? 

R. C. 

When made of cotton duck weighing two pounds per yard 
coated with best India rubber, 3- and 4-ply rubber belting is 
usually taken as equal to single leather belting and 5- and 
6-ply as equal to double leather belting. 


Total Heat of Steam—What would be the total heat of a 
pound of steam at gage pressure of 100 lb. per sq.in., with a 
barometric pressure of the atmosphere of 28.5 in. and tem- 
perature of 62 deg. F.? 

S. G. 

One inch of barometric pressure at 62 deg. F. is equal to 
0.491 lb. per sq.in., and therefore the absolute pressure of the 
boiler steam would be 

100 + (0.491 XX 28.5) = 113.99 
or practically 114 lb. absolute, and according to Marks and 
Davis’ steam tables, a pound of steam at the latter pressure 
would contain 1188.7 B.t.u. above 32 deg. F. 


Wetter Steam Requires More Feed Water—When our 
boiler is pushed to its highest capacity, why is it that the 
water level gradually goes down, but as soon as the damper 
is partly closed and with the feed pump operating at the 
same speed, the boiler-water level comes up again? 

a Ae 

It is quite likely that when the boiler is forced wetter 
steam is generated, and although doing the same amount of 
work, greater weight of steam of the lower quality is dis- 
charged from the boiler, thereby requiring replenishment of 
feed water in excess of the rate required for maintaining the 
proper water level with the damper partly closed. 


Regulation of Oil Burners—In the use of oil burners how 
can the best regulation of the oil, steam and air supply be 
determined? 

zz & B 

The best regulation of oil burners is obtained by observa- 
tion of the top of the smoke-stack and the color of the fire. 
When the burner valves and the air supply are correctly 
adjusted, the flame is a bright white and there is no smoke. 
When the supply of steam is too great, steam will appear 
around the burning spray and will be discharged from the 
smoke-stack. If too little steam is being used, atomization 
will be incomplete, and if the air supply is insufficient the 
color of the flame will be red, and incomplete combustion 
will be indicated by the discharge of smoke from the stack. 


Advantages of Extended Front Boiler Setting—What are 
the advantages and disadvantages of an extended front set- 
ting as compared with a flush front setting for a horizontal 
return-tubular boiler? 

WwW. C. 

The principal advantages of the extended front are the 
employment of a shorter brick setting and obviation of pas- 
sage of the furnace gases direct to the front smoke connec- 
tion, as is likely to occur with a flush front setting, from 
settling of the fire-door arch or other causes of leakage of 
the joint between the fire-door arch and the under side of 
the boiler. The disadvantages are that with a low setting 
the front extension may be in the way of the fireman, and 
also that the extended front does not present as good an 
appearance as the flush front. 





Depth of Front and Back Connections for Return-Tubular 
Soilers—What should be the depth of front and of back 
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smoke connections for horizontal 
tings? 


return-tubular boiler set- 


G. R. 

The depth of back connections for any size of boiler should 
be not less than 24 in., so as to allow sufficient space for 
examination and expansion of tube ends in the back tube 
sheet, and for boilers larger than 66 in..in diameter the depth 
of back connections should be not less than 28 in. Greater 
depth is advantageous for equalizing the distribution of the 
heated gases to all tubes of the boiler. Front connections 
should be of such form and depth as to permit of an easy 
sweep of the gases to the uptake. The minimum depths 
should be 12 in. for boilers up to 54 in. diameter, 16 in. for 
boilers 60 and 66 in. diameter, and 18 in. for boilers 72 and 
78 in. diameter. 


Operation of Centrifugal and of Inertia Governors—W hat 
is the difference between the operation of centrifugal and of 
inertia governors? 

J. E. B. 

In centrifugal governors a change in position of the gov- 
ernor parts is effected solely by a change of centrifugal force 
resulting from a change of speed. In inertia governors, re- 
volving weights are so arranged that when the engine wheel 
is accelerated, as by removal of load, the inertia of the 
weights causes them to lag behind and assist centrifugal 
force in adjustment of the valve gear for admission of less 
steam, thus checking the speed, while if the speed of the wheel 
is retarded, as by an increase of load, the momentum of the 
weights causes them to surge ahead and assist the spring 
action of the governor to attain a position of parts that will 
increase the speed. Therefore, inertia governors are prompter 
than centrifugal governors, and also may be more powerful 
and closer in regulation. 


Air Required for Burning a Ton of Coal—What volume of 
air should be supplied for burning a ton of coal? 
B. S. 
Most fuels require between 11 and 12 lb. of air per pound 
of fuel, according to their analyses, and it is usual to con- 
sider that 12 lb. of air will be required to burn each pound of 
coal. But to make sure that each atom of carbon will meet 
with an abundance of oxygen, it is necessary to admit an 
excess of air to the furnace, the amount depending on the 
force of the draft. With natural draft at least twice as 
much and with forced draft at least 1% times as much air 
will be required. As one pound of air at 62 deg. F. has a 
volume of 13.14 cu.ft., then for burning a ton (2000 Ib.) of 
coal the air supply should be not less than 
12 x 2 XK 13.14 XK 2000 630,720 cu.ft. 
of air with natural draft, nor less than 
12x 1% X 13.14 X 2000 473,040 cu.ft. 
of air with forced draft. 


Loss of Water Level in Gravity-Return Boiler—What may 
be the cause and remedy for occasional loss of proper water 
level in the sectional boiler of a low-pressure gravity-return 
steam-heating apparatus? 

H. B. L. 

The proper water level will not be maintained by auto- 
matic return of the water of condensation to the boiler when 
the temperature of steam in the pipes or radiators is so much 
reduced by radiation of hea iat the pressure, plus the static 
pressure of the return connection, is less than the sum of 
the pressures required for overcoming pipe friction, and 
opening the return check valve added to that in the boiler. 
Under these conditions the water level may also become re- 
duced by the water of the boiler backing up into the system 
through leakage of the return check valve. The remedy is 
to obtain higher relative pressure in the return water by 
increasing the sizes of steam supply pipes or increasing the 
static pressure of the return water by raising the level of 
pipes and radiators or lowering the boiler. 


{Correspondents sending us inquiries should sign their 
communications with full names and post office addresses. 
This is necessary to guarantee the good faith of the communi- 
eations and for the inquiries to receive attention.—EDITOR.] 
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In the present paper it is proposed to inquire into the 
causes of steam-pipe failures by dealing with about a hundred 
reported explosions which have been attributed to fatigue and 
to want of elasticity, though it may have to be admitted that 
bad material and workmanship, including injudicious or un- 
necessary annealing, have occasionally either accelerated the 
failures or have been their chief causes. 

In dealing with this subject it will first be necessary to 
fix on a standard of comparison for the fatigue stresses which 
may have caused the failures; but in order not to complicate 
this subject, and also because definite information is not 
available, it will for the present be assumed that Guest’s law 
for steel also applies to copper, which means that the cir- 
cumferential stresses in pipes, due to internal steam pressures, 
do not affect the bending stresses which in the cases under 
consideration have caused the fractures. Then, also, nothing 
is as yet known about the influence of temperature on the 
power of copper to resist fatigue stresses, though it is prob- 
able that it has a weakening effect; but temperature also in- 
creases the elasticity of copper, so that as regards deforma- 
tions due to fatigue stresses no serious error will be commitied 
by leaving these two temperature influences out of account. 

According to experiments the relationship between the 
fatigue stresses (+S) and the number (N) of the stress cycles 
(revolutions) which cause fracture is expressed by the formula 

+S = Fl+ C (10% + N)i 

Here C is a constant depending on the nature of the ma- 
terial and F1 is the fatigue limit of the material. Both Fl and 
C have been obtained by breaking a number of samples by 
fatigue stresses and marking off the test results on diagrams 
in which the ordinates were spaced to represent (10° + N)i. 
The test results were then found to lie on straight lines 
which, when prolonged, cut the zero ordinate at the heights 
Fl, which were then adopted as being the fatigue limits. 
These tests could naturally not have been continued to an in- 
finite number of revolutions, and there was therefore no ab- 
solute certainty that this exterpolated fatigue limit was a 
reality until by improved methods of testing this point was 
firmly established. In other words, more recent experiments 
have demonstrated the fact that this formula applies not 
only within the range of previous experiments, say from two 
thousand to twenty million alternations of stress, but also to 


E. 


an infinite number. WoOhler’s experiments, and in fact all 
past experiments which have been examined, confirm the 
above-mentioned formula. 

Wihler’s experiments confined themselves to steels, ex- 


cept one series of tests on wrought iron, but they have been 
extended by the author to embrace, at least as regards tor- 
sion-fatigue tests, about fifty different qualities of steel and 
steel alloys, cast and wrought iron, nickel, copper, aluminum, 
phosphor bronze, magnalium, and other alloys, and in all 
cases the test results harmonized with the formula, which may 
therefore be accepted as correct. A matter of even greater 
importance than the general form of the formula is that the 
fatigue limit can now be expeditiously determined with 
greater accuracy even than the static tenacity. In one case 
its extreme values among eight test pieces cut from one 
crankshaft differed by less than +0.4 per cent. of the mean 
value. 

Unfortunately no bending 
on copper, but this omission 


fatigue tests have been made 
will be made good in the near 
future, and the determination of the fatigue stresses which 
caused fractures in copper pipes will therefore have to be 
based on deductions drawn from a few torsion-fatigue tests on 
copper bars which are summarized in the following formula, 
in which + St is the alternating shearing stress due to tor- 





sion strains which cause failure at the nth revolution: 
Copper bar as rolled.................-.% St = 5.4 + 0.37 (10% + N) 
Comper DAT AB TOMOG «oo... ices s ciicie siere + Ss = 5.6 + 0.51 (10° + N)3 
ON OS EC er err St =5.5 + 0.44 (10° + N)i 
Copper bar annealed in vacuo........... St = 2.55 + 0.87 (10° + N)t 
‘Copper bar annealed and chilled in water. + St = 2.69 + 0.97 (10® + N)t 

It having been found that on an average the bending 


fatigue limit for steel is about 60 per cent. higher than for 
torsion, the last of the above torsion-fatigue limits may 
reasonably be increased from 2.69 to 4.30 tons per square inch 
for the bending-fatigue limit for copper, and as the same 
comparative tests on steels show that the value of C for 


*Paper read before the Institution of Naval Architects and 
abstracted from “Engineering,” London. 
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bending is three and a half times as great as that for tor- 
sion, the value of C=0.97 may be inereased to 3.4 tons per 
square inch and the formula for the bending-fatigue stresses 
of copper is probably 


+Sp = 


4.3 + 3.4 (10% + N)i 

As wrought-iron and mild-steel pipes are now largely used 
on steamers, formulas for their bending-fatigue stresses are 
of interest. Among the writer’s own tests he finds the follow- 
ing results for basic steel, which is the quality of which many 
welded-steel pipes seem to be made: 


TABLE I 


Fatigue Limit, 
Tons per Sq.In. 


Values of C, 
Tons per Sq.In 


British ordinary..... 9.69 4.53 
British dead soft... .. 11.26 3.92 
German ordinary....... 11.34 4.10 
German dead soft... . 8.94 4.79 
Mean for mild basic steel...... 10 31 4.33 


It will be noticed that the fatigue limit for the softer 
qualities of basic steel, which contain about 10 per cent. car- 
bon, are not necessarily lower than those for ordinary mild 
qualities, which have about 40 per cent. carbon. This is due 
to the presence of varying percentages of nitrogen, which 
element has a ‘tenfold greater influence than carbon on the 
fatigue limit. The fatigue limit for cast steel is only a little 
higher than the above, viz., about twelve to thirteen tons per 
square inch. 

The formula for the bending-fatigue stresses of mild steel 
may therefore be written 
10.30 + 4.33 (10% + N)i 

Only one set of bending-fatigue tests has been made on 
wrought iron (by Wohler). The results can be expressed by 
the formula. 


+ Spb = 


+Sp = 6.73 + 4.43 (10% + N)i 


Among the Board of Trade reports on steam-pipe failures 
there are none which may be attributed to fatigue of mild 
steel, but there are a fairly large number of failures of cop- 
per pipes, of which a few are capable of being analyzed with 
the help of the above formula. The following are the report 
numbers of the failures in question—failures said to be due 
to vibrations: 

Straight pipes—Nos. 948, 1113. 

L-bends, like Fig. 6—Nos. 453, 854, 945, 958, 1024, 1049, 1057, 
1095, 1111, 1164, 1181, 1187, 1207, 1291, 1296, 1491, 1516, 1611, 
1651, 1795, 1852, 1895, 1931. 

U-bends, like Fig. 9, without central branch—Nos..480, 1011, 
1021, 1069, 1172, 1185, 1313, 1426, 1435, 1501, 1922, 2105. 

U-bends, with central main pipe at right angles to bend, 
similar to Fig. 9—Nos. 970,992, 1015, 1036, 1696. 











S-bends and two L-bends placed at right angles to each 
other—Nos. 657, 718, 749, 772, 775, 915, 1290, 1527, 1654, 1709, 
1926, 1993. 

Expansion bends with straight lengths—Nos. 767, 943, 1616, 
1795, 1852, 1895, 1931. 

The following failures are probably due to looseness of 
the engine or the boilers: 

Engine seating loose—Nos. 742, 833, 1013, 1160, 1355, 14438, 


1666, 1922, 1964, 2021, 2088. (In these cases it is presumable 
that the movements were appreciably great and as numer- 
ous as the revolutions of the engines, which on an average 
may be assumed to be 60 per minute for six months a year.) 

Boilers loose—Nos. 543, 728, 1210, 1467. ‘In these cases it 
is probable that the movements were large but few, and the 
empirical rule for the fatigue stresses does not apply.) 

Relative movement between boilers or engines 
ship’s structure—Nos. 1268, 15438, 1291, 2176. 

Shaft brake and engine raced violently—No. 1216. (This 
pipe had many bends, otherwise the stresses might have been 
estimated.) 


and the 





Most of the aforementioned cases cannot profitably be 
analyzed on account of complexity of form and absence of 
details. However, Nos. 958, 1049, 1181 and 1954 of the first 


group and Nos. 1355, 1543 and 2021 of the second group are 
suitable for this purpose. The estimated fatigue stresses 
which fractured the aforementioned ten pipes are contained 
in Table II. 

No allowances have been made for the internal steam pres- 
sures and their temperatures, though with the exception of 
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2021, for which the steam pressure was 200 Ib., the pressures 
in all the cases were 160 lb. 
Case No. 1954 deserves special attention, for the estimated 


fatigue stresses are approximately equal to the static tenac- 


TABLE II. ESTIMATED FATIGUE STRESSES UNDER WHICH 
CERTAIN COPPER PIPES FAILED AFTER N REPETITIONS 
Estimated 
Assumed Fatigue 
Age at Number Stresses, 
Report Time of of Revolu- , Tons per 
Number _ Fracture lutions (10% +N)i Sq.In. Remarks 
Failures due to Vibrations of the Engines 
958 (1) 12 months 15,000,000 0.505 6.02 Starboard pipe 
958 (2) 25 months 31,000,000 0.423 5.74 Port pipe 
1049 (1) 24 years 40,000,000 0.397 5.65 First failure 
1049 (2) 1 year 15,600,000 0.505 6.02 Second failure 
1181 (1) 10 years 150,000,000 0.285 5.27 First failure 
1181 (2) 24 hours 86,000 1.846 10.57 Heavy weather 
1954 (1) 84 years 120,000,000 0.302 5.33 ‘First failure 
1954 (2) 4 hours 14,000 2.900 13.85 Engines racing 


Failures due to Loose Engine Seatings 


1355 35 months 44,000,000 0.388 5.62 Long bend 

1543 4 years 60,000,000 0.359 5.52 U-bend secured to 
deck beam 

2021 3 years 45,000,000 0.386 5.61 Long bend 


ity of copper. The fact that this pipe withstood these alter- 
native stresses for four hours suggests either that the 
adopted value of C = 3.4 tons per sq.in. per 1,000,000 revolu- 
tions is too high or that the copper was of a harder quality 
than usual. Among the 200 cases of steam-pipe explosions 





reported on by the Board of Trade, only three have been 
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TABLE III (Figs. 1 to 5). 


Estimated 
Inclinations Estimated Displacements 
_@ 6x 8y 
Fig.1..... +MXL+E.XI +i MxXL? +EXI 
Fig. 2..... +3 YXL* +EXI +4 YXL' +EXI 
Fig. 3 +inMxXR rant aa + +MxXR*+EXI 
ex 
Fig. 4... — 0.571 X XK R? + + 0.356 X XK R*® + -4XXR* +EXI 
: E XI E I 
Fig. 5 . tYXR* +EXI —s YR°*+EXI +327YX R*°+EXI 
M is the external bending moment shown in Figs. 1 and 
3; X is the external horizontal pull shown in Fig. 4; Y is 


the external vertical pull shown in Fig. 5; E is the modulus 
of elasticity, say 13,000 tons per sq.in. for wrought iron and 
steel, 8300 for copper, and 4500 to 8000, or say 6000, for cast 
iron; I is the moment of inertia of the the pipe 
and is equal to (D*—d‘) n + 64, where D is the external and 
d the internal diameter of the pipe; a, &x, and 8&y are the 
acquired inclination and the displacement of the ends of the 
pipe (see Figs. 1 to 5); Sb, the maximum for 
any moment M, is % M X D I, which expression can be 
introduced in the formulas when the movements produced by 
X and Y are known. 

One application of these formulas can be illustrated with 
the help of Fig. 6, which represents half a U-bend. Assume, 


section of 


bending stress 


as was the case in Prof. Bautlin’s experiments, which will 
shortly be dealt with, that the flange A, which is the middle 
of the bend, is a fixture and that a pull X is acting hori- 


zontally on the flange C. 
as that in the 


Then the bending of BC is the same 


curved pipe in Fig. 4, X being applied as in 





FIG 9 


FiG.10. 


FIG 8. 
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found in which measurements of movements which may have 
caused the failures are given. 

Report No. 1467 mentions that the boiler rolled % in. Re- 
port No. 1296 mentions that when getting up steam the length 
between the two valves (no dimensions given) shortened by 
0.47 in., and the difference of level between the two valves 
altered by 0.44 in., the boiler top having risen * in. as com- 
pared with the ship’s structure and the engine stop-valve, 
which had risen % in. The history of this pipe is interesting 


It was made of solid-drawn copper and put in service in 
July, 1899; it cracked near its flange Jan. 17, 1900 (five and 
one-half months’ interval). The cracked end was cut off 
and replaced by a sleeve, which cracked nine hours after 
lighting the fires. A new sleeve of thicker copper (%4 in.) 
was now fitted, which ran, say, from the end of February to 
July 30, 1900 (about five months), and then cracked. A new 


1900), but this 
repaired and 
failures seem to 


pipe (August, 
pipe 


the 


with a larger bend was fitted 
cracked (no date given). The crack was 
gland made workable. These several 
have been due, not to frequent movements associated with 
the revolutions of the engine, but to steady stresses caused 
by the difference of expansion of the boiler and engine, in- 
tensified by the vibrations of the engine. No experimental 
data as to the endurance of copper under these conditions are 
vet available. 


No. 1318 reports that the boiler top rcse up jf; in. and the 


engine’ 4% in. due to the raising of the steam pressure, the 
two boilers separated by % in., and the distance between 
the engine and one boiler stop-valve was reduced by % in. 


In this case the explosion was due to imperfect brazing of 


one of the flanges. 

To understand the stresses which arise when pipes are 
strained, the several possible deformations of straight and 
curved pipes, as represented in Figs. 1 to 5, have been ex- 


pressed mathematically in Table III. 





that figure. The 
cases, Figs. 3 and 
Then the acquired 

cording to the third 


bending of AB is represented by the two 
5, M being equal to XR and Y equal to X. 
inclination of a of the flange B is ac- 
and fifth lines of Table IIT: 
a (%47r RXXXR XR*) E x I 2.571 X X R?°+EXI. 
The displacement A of the flange C is the sum of the 
displacement é6y of Figs. 3 and 5, of 6x of Fig. 4, and of the 
product of the inclination a into the radius R of the bend BC 


A= (X X R* + 0.785 X XK R* + 0.356 X x R? +2.57 X X R*) 
E XI= 4.713 X xX R°+ExI1. 
The bending moment at A is of course 2X X R, and this 
is equal to SXI~+%D, where D is the external diameter of 


the pipe. On 
the flange A 
ment A: 


replacing I by X2R xX D + 28, 
can be expressed in 


the stress S at 
terms of the displace- 
Ss AxXDxE 1712 R= 

For copper, the value of E is about 8300 tons per sq.in., so 
that for pipes of this material S 1750 A Xk D + R*, and assum- 
ing 4.3 tons per sq.in. as being the fatigue limit for copper, the 
maximum permissible movement of half a U-bend 
(Fig. 6) should not 


copper 
exceed 

Ac R? + 405D 

For steel and wrought 13,000, and therefore S 
2750 \ * D + R?, and assuming the fatigue limit for wrought 
iron to be 6.75 tons per sq.in., we have 


iron E 


Ay = R*? + 410D for wrought iron 
Assuming a fatigue limit of 10.3 tons per sq.in. for mild 
steel, we have 
As R? + 265D 
Thus a U-bend (Fig. 7) of 8 in. diameter and 8 ft. high 


which forms part of a long length of pipe will take up the 
following expansion movements without injury to itself: 1.40 
in. if of copper, 1.40 in. if of wrought iron, and 2.20 in. if 
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of mild steel. This last result agrees with experiment A in 
Tables IV and V. 
TABLE IV. PROFESSOR BAUTLIN’S EXPERIMENTS ON THE ELAS- 
TICITY OF BENDS 
Outside Diameters 


Height, and Thicknesses, Momentof M.I. 

Details of Bends In. In. Inertia I Millions 
A, mild steel pipe...... 94.7 8.7 X 8.2 X 0.26 27.0 810 
B, mild steel pipe...... 88.8 5.38 X 5.1 X 0.175 2.65 80 
C, cast-iron pipe...... 94.7 8.5 X 8.4 X 0.78 139.0 275 
D, mild pom ae bate ee 3.14 square 8.0 240 
E, mild steel rod...... 62.5 3.14 square 8.0 240 


Prof. Bautlin carried out some experiments on U-bends 
shaped as shown in Fig. 8*. As the bends were not square 
other but similar formula to the above had to be constructed 
for estimating the displacement of the flange C. These are 
recorded in the columns marked “Est.” in Table V. The ob- 
served displacements are to be found in the columns marked 
“Obs.” The modulus of elasticity of the cast-iron pipe was 
7870 tons per sq.in. 

The formula for these bends is 

A=17.27 X X R°+EXI and S=AXDXE + 17.27 R? 

It must not be overlooked that whereas in the previous 
case (Fig. 7) the height of the bend is 2R, in the present case 
(Fig. 8) it is 3.414 R. The agreement for the mild-steel rods 
between the estimated and observed displacements is satis- 
factory, but pipes seem to be rather more elastic than was 
expected. The discrepancies between the estimated and the 
observed displacement for the mild-steel pipe A have been ex- 
plained as being due to slight puckers on the insides of the 
bends of the pipes. In part they are also due to the thinning 
during the bending operation. Generally speaking, Professor 
Bautlin’s important experiments confirm the mathematical 
estimates of the deformations of bent pipes, and these may 
therefore be applied to the few exploded steam-pipes for 
which the probable alternating stresses have already been 
calculated. It is unfortunate for the present investigations 
that the Board of Trade reports contain so little informa- 
tion about those parts which, in the opinion of the reporting 
surveyors, are not the direct causes of. the explosions. Among 


TABLE V. 
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tons per sq.in., the relative raowements of the two ends of 
the pipe should by the formula be + 0.38 in. In the longer 
branch, L and R seem to be respectively 75 in. and 68 in. As- 
suming the correctness of the previously found stresses of 
+ 5.74 tons per sq.in., the relative movements of the pipe ends 
should be + 0.25 in. 

Report No. 1049 deals with another L-bend of solid-drawn 
copper of 5% in. external diameter. According to the sketch, 
L and R seem to be respectively 80 in. and 25 in. Assuming 
the correctness of the previously found alternating stresses of 
+ 5.65 tons per sq.in. for the first failure after 2% years’ 
running, the relative movements of the two ends of the pipe 
should be 0.049 in., and for the second failure after 12 months’ 
running the alternate stresses would be + 6.02 tons and the 
relative movements should be 0.051 in. The comparative 
smallness of these relative movements is due to the rigidity of 
the small bend, which was only five times as large as the diam- 
eter of the pipe. In fact, the pipe probably acted as a stay be- 
tween the engine and the boiler and restricted their move- 
ments while being fatigued. Had the relative movements been 
larger and the stresses more intense, the failures would have 
occurred sooner, as happened in the following two cases: 

Report No. 1181 deals with an L-bend of solid-drawn cop- 
per 6% in. external diameter. According to the sketch, L and 
R seem to be respectively 42 in. and 50 in. Assuming the cor- 
rectness of the previously found alternating stresses of + 
10.57 tons per sq.in. for the failure, which occurred after 24 
hours’ heavy service immediately after previous annealing, the 
relative movements of the ends of the pipe should be 0.27 in. 
Seeing that the estimated alternating stresses during the pre- 
vious ten years’ running were only + 5.27 tons per sq.in., the 
relative movements of the pipe ends during this longer pe- 
riod do not seem to have exceeded + 0.14 in. 

Report No. 1954 deals with an L-bend of sheet-copper 4.92 
in. external diameter. According to the sketch, L and R seem 
to be respectively 93 in. and 32 in. Assuming the correctness 
of the previously found alternating stresses of + 13.85 tons 
per sq.in. for the new pipe, which failed during a run of four 
hours in heavy weather, the relative movements of the ends 


PROFESSOR BAUTLIN’S TEST RESULTS 


Difference between two Successive Thrusts in Pounds 


220. 440 660 
Estimated and Observed Displacement of Flange C. 


Est. Obs. Est. Obs. Est. 


apd sf: cst es are ankan te catenne AyEGe ater rere agian scents ihe 0.30 
BO arash 6 val based Warst ere nto ars aa ee 0.84 0.69 1.67 1.42 A cbrece 
| Se near re Pee pire eas 0.06 0.10 ‘ 
| a ee ona ee ee ee ale ‘ 0.19 
MIN 25553 Ole, Gio sian Suen reer aeaiee en Telexsutve temas 0.30 


about one hundred reports on steam-pipe explosions, which 
it is believed were brought about by want of elasticity, the 
diameters of the pipes and the thicknesses at the points of 
fracture are given, but rarely is any mention made of the 
lengths or the elasticities of these pipes, although these are 
the determining factors. 

For the purpose of this paper, these lengths, as well as the 
radii of curvature, had to be approximately ascertained by 
scaling them with the help of the diameters as sketched. It 
is therefore possible that the dimensions which have been 
adopted in the following calculations are not always correct. 

U-bends (Fig. 9) with central branch do not seem to have 
failed, and this form need not be discussed. 

L-bends and simple U-bends (see Fig. 10). The following 
formula for the displacement Sy in the case of L-bends and 
2 8y for U-bends can be determined in terms of the horizontal 
pull Y and the bending moment M by combining the formula 
in Table III for the cases represented by Figs. 1, 2 and 5. As 
there is no pull X, and as the sums of the deflections of the 
length L and the bend is zero, Y can be eliminated and M ‘ex- 
pressed in terms of Sp, the maximum bending stress. 

Sy = 0.712 8p X R? (L + 0.65 R) + EX D(L+ R) 
For copper E = 8300 tons per sq.in., so that 
Sy = SbR(L + 0.65 R) + 11,600 X D XK (L + R) 

This formula has been used in calculating the displace- 
ments Sy for the following L-bends and 2éy for U-bends, Sb 
being the fatigue stresses which have been previously deter- 
mined for the separate cases. 

Report No. 958 deals with the two separate L-bends made 
of electro-deposited copper of 5 in. external diameter hooped 
with iron bands. The shorter length, in which, according to 
the sketch, L and R seem to be respectively about 11 in. and 
57 in., failed after 12 months’ service. Assuming the correct- 
ness of the previously found alternating stresses of + 6.2 





*Zeitschrift des Vereins Deutscher Ingenieure, 1910, Vol. 
54, page 48. Also Mitteilungen iiber Forschungsarbeiten des 
Vereins Deutscher Ingenieure, Vol. ‘6. 


880 1325 1980 2420 
Inches 
Obs. Est. Obs. Est. Obs. Est. Obs. Est. Obs. 
0.68 0.60 1.37 0.90 2.16 1.10 2.96 
ee 0.12 0.22 0.17 0.33 °..! ies mint a 
0.24 as aa aie Seam 
0.33 


The elastic limit was reached with pipe A with a thrust of 1809 Ib. 


of the pipe should be + 0.23 in. For the old pipe, which failed 
after eight years’ running under stresses of + 5.33 tons per 
sq.in., the relative movements should be + 0.09 in. 

Report No. 1355 deals with an L-bend of solid-drawn cop- 
per 5.19 in. external diameter. According to the sketch, L and 
R seem to be respectively 70 in. and 100 in. long. Assuming 
the correctness of the previously found alternating stresses of 
+ 5.62 tons per sq.in., the relative movements of the ends of 
the pipe should be + 0.39 in. 

Report No. 1543 deals with a U-bend of solid-drawn copper 
4.94 in. external diameter. Judging by the sketch, L and R 
seem to be respectively 16 in. and 46 in. long. Assuming the 
correctness of the previously found alternating stresses of 
+ 5.52 tons per sq.in., the relative movement of the ends of 
the pipe should be + 0.26 in. 

Report No. 2021 deals with an L-bend of solid-drawn copper 
5.5 in. external diameter and 0.25 in. thick. According to the 
sketch, L and R seem to be respectively 68 in. and 42 in. As- 
suming the correctness of the previously found stresses of 
+ 5.1 tons per sq.in., the relative movements of the ends of 
the pipe should be + 0.17 in. 


TABLE VI. ESTIMATED INTENSITIES OF FATIGUE STRESSES AND 
THE RELATIVE MOVEMENTS OF THE ENDS OF THE 
FRACTURED PIPES 


Assumed Estimated 
Report Number of Fatigue Stresses, Fatigue Move 
Number Vibrations Tons per Sq.In. ments, In. 
Failures Due to Vibrations of the Engines 
LL erie 15,000,000 += 6.02 + 0.38 
SS 31,000,000 + 5.74 + 0.25 
|) eee 40,000,000 + 5.65 + 0.049 
Ct) 15,000,000 + 6.02 + 0.051 
RE BER asia ieseta.a.c-s 150,000,000 + 5,27 + 0.14 
LL re 86,000 + 10.57 + 0.27 
Lee 120,000,000 + 5.33 = 0.09 
1058 (@ <0... SG% 14,000 + 13.85 x 0.23 
Failures Due to Loose Engine Seatings 

See 44,000,000 + 5.62 + 0.39 
lS 60,000,000 t §.52 + 0.26 
2021. . $5,000,000 + 5.61 + 0.17 








February 23, 1915 


These and the previous estimates are summarized in Table 
VI. They are all based on the empirical formula which cor- 
relates the fatigue stresses for copper and the number of their 
repetitions up to the point of failure. The experiments on 
which it is based are comparatively few, and more compre- 
hensive ones will shortly be carried out on a new fatigue- 
testing machine which is nearing completion; but seeing that 
the results of fatigue tests with mild steel are consistent, 
the intended further experiments on copper will probably 
merely confirm those already obtained. 

Assuming the correctness of the empirical formula, then, 
judging by the estimates contained in Table VI, relative move- 
ments between engines and boilers of +0.38 in. (see No. 958) 
or more should be allowed for. These were associated with 
fatigue stresses of + 6.02 tons per sq.in., which exceed the 
fatigue limit of + 4.3 by 1.7 tons per sq.in. If these relative 
movements of + 0.38 in. had not exceeded + 0.27 in., the pipe 
would not have failed. Had the pipe been made of steel it 
would also not have failed, for although its modulus of elastic- 
ity is 13,000, as against 8300 tons per sq.in. for copper, the 
respective fatigue limits are 10.3 and 4.3 tons per sq.in., and 
the maximum relative movement to which such a steel pipe 
would have submitted without injury would have been + 0.43 
in. Conversely, if a steel pipe of the above dimensions were 
replaced by a copper one and the relative movements of its ends 
were maintained at + 0.43 in., then the fatigue stresses in the 
copper pipe would be + 6.77 tons per sq.in., or + 2.47 tons 
above the fatigue limit of + 4.3 tons, and the copper pipe 
would fail after 3,600,000 repetitions. This means that if any 
copper pipe were to fail after experiencing 3,600,000 stress 
eycles, which corresponds to 42 days’ continuous running of 
the engines at 60 revolutions per minute, and if it were to be 
replaced by a steel pipe, this would last forever, and as most 
of the pipes dealt with in the Board of Trade reports did last 
longer than 42 days, the number of explosions would have 
been correspondingly reduced if steel pipes had been used in- 
stead of copper. 

But—and this is the point which should not be overlooked 
—it is highly probable that the cast-iron valves to which these 
steel pipes would have to be attached would have fractured at 
an early date, because the resisting moments of steel pipes 
are 1.56 times greater than those of copper pipes of the same 
dimensions, and even copper pipes are occasionally strong 
enough to fracture the cast-iron valves to which they are at- 
tached, as is evident from the following Board of Trade re- 
ports: 

No. 389. A copper pipe with fairly large bends broke the 
neck of the valve-chest to which it was attached. 

No. 556. The thrust on an expansion-gland acting at the 
end of a copper pipe as a lever broke the neck of the valve- 
chest to which it was attached. 

No. 971. A copper pipe attached to the end of a combined 
expansion gland, stop valve and throttle-valve casing broke 
the latter. 

No. 1072. A copper pipe broke the cast-iron neck of a 
steam chest to which it was attached. The other end of the 
pipe formed part of an expansion gland which was attached to 
the engine whose lateral motion was the cause of the fracture. 

No. 1177. A copper U-bend between the boiler and its en- 
gine acting on the end of a throttle-valve casing broke it. 

No. 1572. The thrust of an expansion gland acting at the 
end of a copper bend broke the valve-casing to which it was 
attached. 

In the following cases the pipes were of wrought iron: 

No. 1230. A straight wrought-iron pipe between an ex- 
pansion gland on the engine and a short cast-iron bend on 
the boiler stop-valve broke the neck of the latter. 

No. 1404. A straight iron pipe which ended in an expan- 
sion joint broke the neck of the valve-casing to which it was 
attached. 

The following rather unusual failures may be due to bad 
material, but seeing that they occurred both with sheet-cop- 
per, solid-drawn and electro-deposited pipes it is not unlikely 
that they were due to fatigue stresses. However, as all 
these cracks are along the neutral line of the copper bends 
where there are no bending stresses, but where the shearing- 
fatigue stresses are maximum, it is not unlikely that these 
alternating shearing stresses were relatively more intense 
than the bending stresses near the flanges. It should also be 
remembered that the fatigue limit for shearing. stresses is 
only + 2.5 tons per sq.in. 

No. 1231 deals with a sharp bend of sheet copper 3.55 in. 
external diameter which cracked near the brazing line, which 
is also the neutral line of the bend. The bend was eight 
years old when it failed. 

No. 1262 deals with a bend of sheet copper 10.2 in. external 
diameter which cracked near the brazing line like the above- 
mentioned bend. This pipe failed after sixteen months’ work. 
No. 1662 deals with a bend of solid-drawn copper 6% in. 
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external diameter which failed along the neutral line after 


three years’ work, when it. was 
it failed again after seven years. 

No. 1839 deals with an expansion bend of solid-drawn cop- 
per 5.42 in. external diameter which failed along the neutral 
line after nine years’ work. Locally the tenacity was ‘re- 
duced to 5.6 tons with no elongation. 

No. 1882 deals with a bend of solid-drawn copper 5.2 in. 
external diameter which failed along the neutral line after 
three years’ work. It had probably been damaged locally 
while being repaired. Locally the tenacity was reduced to 7 
tons with 1.5 per cent. elongation. 


repaired and annealed, but 


No. 2110 deals with an expansion bend of solid-drawn 
copper 5.4 in. diameter which failed along the neutral line 


after four and one-half years’ work. 

No. 2140 deals with an expansion bend of solid-drawn 
copper 6% in. external diameter which failed along the neutral 
line after six years’ work. 

No. 986 deals with a bend of electro-deposited copper 3% 
in, external diameter which failed along the neutral line after 
three years’ work. 

No. 1383 deals with a bend of electro-deposited copper 4.8 
in. in external diameter which failed along the neutral line 
after seven years’ work, close to a repair sleeve which had 
been brazed on three months before the explosion. 

No. 1736 deals with a bend of electro-deposited copper 3.8 
in. in diameter which failed after one year’s work. The ten- 
acity was locally reduced to 12.5 tons with 5 and 8 per cent. 
elongation. 

No. 1770 deals with a bend of electro-deposited copper 5.4 
in. in external diameter which failed after two years’ work. 
The tenacity was reduced from about 13.5 tons with 45 per 
cent. elongation to between 9 and 10 tons with 5 to 7 per 
cent. elongation. 

No. 2163 deals with an expansion bend of electro-deposited 
copper 6 in. external diameter which failed along the neutral 
line after six years’ work. 

If, as seems probable, the above 12 failures (about 8 per 
cent. of the total) were due to sheer fatigue stresses, which 
are severest along the neutral lines of beams, they would 
indicate that the bends had been subjected to more compli- 
cated forces than have been assumed when dealing with the 
other failures, but in the absence of any details about the 
relative movements of the engines and boilers it is fruitless 
to venture on any estimates, except to say that the formula 
for torsion fatigue stresses should be applied to these cases 
and that the stresses which are due to the internal steam 
pressures should not under any circumstances be overlooked. 

While studying those Board of Trade reports which seemed 
to have a bearing on the present question it was noticed that 
many copper pipes had failed shortly after being annealed, al- 
though until then they had worked satisfactorily for years. 
This experience would suggest either that annealing does not 
remove the effect of fatigue stresses or that, if carried out in- 
judiciously, it changes tough copper into a brittle material. 
In the following list of reported cases the numbers in pa- 
rentheses denote the periods in months which elapsed be- 
tween the dates of annealing and of failure: 

Pipes of Brazed Sheet Copper.—Nos. 1922 (4), 1210 (5), 1021 





(6), 2105 (17), 1011 (19), 1443 (23). 

Solid-Drawn Copper Pipes—Nos. 1839 (%), 1926 (2), 1709 
(5), 1327 (6), 1327 (8), 1993 (9), 1187 (10), 2003 (21), 2110 
(36), 1898 (48). 

Electro-Deposited Copper Pipes—Nos. 1164 (3), 1501 (12), 
970 (12), 1610 (19). 

The average life of a copper pipe after being annealed 


seems to be about one year for each one of the above three 
groups, but as already suggested these cases do not prove that 
annealing is or is not a remedy for fatigued copper. This 
experience as regards copper does not apply to steel pipes. 

As a safeguard against fatigue stresses in steam-pipes ex- 
pansion glands are sometimes fitted, but they are not always 
applied where wanted; they sometimes stick fast, and if badly 
designed the pipes blow out of their sockets. 

This latter class of accidents is illustrated in 
779, 1702, 2246. 

Pipes which stuck fast in their sockets and did not take up 
the movements are to be found in reports Nos. 283, 1296, 
1404, 1666, the last being a doubtful case. 

In the following cases the thrusts of the pipes in the glands 
acting on long bends fractured these near the roots or the 
glands had stuck fast and the fractures were due to fatigue: 
Nos. 556, 1113, 1187, 1207, 1230, 1343, 1489, 1572, 1583, 1605, 1609, 
1852, 1916, 1978. These are mostly marine cases. 

In the following cases the expansion glands neither pre- 


reports Nos. 


vented the pipes from fracturing nor did they cause the 
fractures: Nos. 169, 584, 971, 1011, 1035, 1056, 1072, 1109, 1172, 
1185, 1214, 1264, 1398, 1461, 1515, 1537, 1556, 1747, 1771, 1899, 


2006. About half of these cases occurred on steamers. 
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The New York Central Wins 
the Harriman Medal 


At the annual meeting of the American Museum of Safety 
held in the United Engineering Societies Building, 29 West 
Thirty-ninth St., New York City, Feb. 10, 1915, the E. H. Har- 
riman memorial gold medal for the American steam railway 
making the best record in accident prevention and industrial 
hygiene affecting the public and its own personnel during the 
year ending June 30, 1914, was awarded to the New York 
Central R.R. The award was made to this road for its record 
on the New York Central & Hudson River R.R. prior to its con- 
solidation with the Lake Shore. The medal was offered by Mrs. 
E. H. Harriman to be awarded through the American Museum of 
Safety. The committee of award consisted of: Arthur Wil- 
liams, president American Museum of Safety; Samuel O. Dunn, 
editor “Railway Age Gazette’; Prof. Alexander C. Humphreys, 
president Stevens Institute; Hon. Chas. P. Neill, former U. S. 
Commissioner of Labor; and Hon. Edgar E. Clarke, member 
Interstate Commerce Commission. The medal was received 
on behalf of the railroad by Alfred H. Smith, president. The 
silver medal was awarded to the operating department, and 
the bronze medal to Dennis Joseph Cassin, who had been an 
engineer on the Central since 1867. He had never had an ac- 


cident. 
The Overloading of Safety 
Valves 


The formal Board of Trade inquiry in connection with the 
terrible boiler explosion that occurred at the Thornhill Iron 
& Steel Works, Dewsbury, on Aug. 10 last, causing the death 
of eight men, and more or less serious injury to 17 others, 
provides a lesson which it is to be hoped will be taken to 
heart by every boiler attendant in the country, as to the 
criminal folly of interfering with the action of safety valves. 
The facts of the case were very simple. The boiler, which 
was one of eight at the works, all coupled together, was of 
the Rastrick type, heated by the flames from iron furnaces, 
and was normally worked at 55 lb. per sq.in. 

The works were closed from July 31 to Aug. 10, and when 
the boilers were started the engineer noticed steam blowing 
off at the safety valves on No. 4 boiler, and without exam- 
ining the stop valve or the pressure gage he assumed that 
the escape of steam was due to some defect of the safety 
valves—of which there were two loaded by levers and weights 
—and tried to correct it, first by sliding the weights to the 
end of the lever, and this proving insufficient, by adding a 
weight of 50 lb., which, being still inadequate to prevent the 
escape of steam, was supplemented with another 63 lb. As 
a matter of fact, which was proved after the explosion, the 
stop valve was shut and the boiler thus isolated from the 
others to which it was supposed to be connected, and the 
escape of steam was due to the steady rise of pressure in 
the boiler, in which steam was being generated without any 
outlet, and was being bottled up by the extra load on 
the valves. There could, of course, be only one end to this 
incredible madness, and that was reached about two or three 
hours after the fire was started, when the bursting pressure, 
which would probably be getting near 200 lb., was reached 
and instantly converted the whole works into a heap of 
ruins, killing or injuring nearly everybody in the place. 

How anyone with a knowledge of boilers could be guilty 
of such recklessness as to overload safety valves in this de- 
liberate way, without seeing what the pressure was or mak- 
ing sure that any steam generated had at least access to 
the safety valves of the other boilers, surpasses belief, and 
we can well understand the Board of Trade Commissioner, 


when he heard the frank admissions of negligence at the 
inquiry, “wondering whether or not he was in a lunatic 
asylum.” There were, of course, no technical questions in- 


volved in the explosion, for whatever type of boiler had been 
used the explosion would inevitably have occurred. The in- 
quiry resolved itself into one of fixing responsibility for the 
disaster, and in view of the engineer’s admissions as to the 
personal part he played there could be no doubt where it 
lay. The only excuse he could offer was that he thought the 
stop valve was open, as it was left open when the boilers 
were laid off on July 31, but he took no steps to verify this 
assumption or even to look at the pressure gage before he 
proceeded to hang on weights practically equivalent to a 
‘man sitting on the end of the levers. Who shut the stop 
‘Valve it was impossible to find out, and as regards responsi- 
bility little matters, for the most ordinary precaution should 
have suggested to the engineer that freedom for escape of 
the steam generated in the boiler should be provided in some 
way before such “an act of madness” as the overloading of 
the safety valves was resorted to. 
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The question remains, how can the consequences of similar 
crass ignorance be guarded against in the future? The or- 
dinary lever type of safety valve does, it must be admitted, 
permit of being easily tampered with and overloaded. Of 
course, whatever type of safety valve is used there is little 
to protect it from interference, from reckless ignorance or 
malignant ingenuity, though a locked-up valve which no one 
could touch would protect such a fitting to some extent from 
the former risk, and as the Commissioners, in their judg- 
ment, which saddled the responsibility for the explosion en- 
tirely on the engineer and the boiler attendant who assisted 
him, emphasize the necessity of valves which can be pro- 
tected from any interference being adopted, it is possible we 
may before long see some Board of Trade regulation of this 
kind imposed on all steam users.—‘‘The Mechanical Engineer,” 
Manchester, Eng. 


8 
Elimination of Smelter SmokKe 


With the idea of bringing about a better understanding 
between the metallurgical industry and agriculture as to 
the troublesome smoke problem at smelting and ore-roasting 
plants, the United States Bureau of Mines has just issued 
“Bulletin 84.’""* Copies may be obtained by addressing the 
Director, at Washington, D. C. Owners of smelting plants 
are making every effort to devise ways and means to do 
away with possible damage and annoyance from great volumes 
of smelter smoke, comparatively rich in sulphur dioxide and 
other injurious constituents. 

It has been customary to discharge the smelter smoke by 
very tall chimneys, on the assumption that if the noxious 
gases are discharged at considerable height they will have 
opportunity to diffuse more thoroughly and thus become so 
diluted as to be comparatively harmless, but the efficiency 
of this method is now being questioned. There is reason to 
believe that the use of high stacks increases the area to 
damage, whereas low stacks may intensify the damage but 
concentrate it within a small area. Probably high chimneys 
do not serve their purpose as well as was anticipated, and 
the better method may be to dilute the smelter smoke and 
discharze it from a number of low stacks. 


3 
Massachusetts Electric Rates 
Discussed 


A battle royal on the subject of electric rates was started 
on Feb. 5 before the Committee on Public Lighting of the 
Massachusetts Legislature, which is considering House Bill 
No. 346, relative to the prices to be charged for electrical 
energy by central stations. The bill was brought before 
the committee on petition of the New England Power League, 
an organization formed about three years ago by manufac- 
turers, business houses, engineers of isolated plants and others 
interested in the economical use of power. Ernest Stevens, 
chief engineer of Riverbank Court Hotel, Cambridge, Mass., 
led the advocates of the bill, which provides that no public- 
service corporation shall be allowed to sell electricity at less 
than 5 per cent. above the cost of production and distribution, 


that the maximum price charged for electricity shall not 
exceed 25 per cent. over and above the cost of production 
and distribution, and that the Board of Gas and Electric 


Light Commissioners shall have power to determine such 
costs after a thorough examination of all books and properties 
belonging to such companies. 

The principal evidence on behalf of the bill was offered 
by Thos. W. Byrne, consulting engineer, of Boston, who con- 
tended that 90 per cent. of the users of electricity purchase 
energy at the maximum price and that these small users 
are charged at least five times as much per kilowatt-hour as 
the large consumers of power, who easily buy electricity at 
two cents or less per kilowatt-hour. The speaker urged that 
the central-station policy is to “charge what the traffic will 
bear,” and said that the National Electric Light Association 
at its Philadelphia convention in 1914 had gone on record 
in support of the principle that the value of central-station 
service was in a large measure determined by the ability of 
the consumer to install a private plant. 

Mr. Byrne contended that the basis of rates should be a 
fair return on the investment and advocated a valuation of 
all existing electric-lighting properties in the state by the 
Gas and Electric Light Commission, for the purpose of check- 
ing up the reasonableness of the rates now in force. He 
pointed out that in the decision of the board in the Worcester 
street-lighting rate case, the commission had called attention 
to the power of the company to dictate prices to the small 
consumer. Members of the Power League feel that present 





*The suggestions contained in this bulletin 


may also be 
applicable to the power-plant smoke problem. 
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ntral-station rates in various cities of the state are dis- 
‘riminatory, and favor requiring the commission to set forth 
ts views upon the price differences, if any, which should be 
llowed between lighting and power rates, and between resi- 
dential and other users, as related to the quantity of energy 
purchased and as affected by long and short periods of use. 


ik 


Available Water Power in 
United States 


According to recently compiled figures made by the U. S. 
Geological Survey, the total available water power in the 
United States amounts to about 200,000,000 hp., of which only 
6,000,000 is developed. The total available is estimated on 
the basis of practicable maximum storage of waters possible 
by the construction of dams and reservoirs. Without storage, 
the available water power is placed at only 61,678,000 hp., of 
which the present development is about one-tenth. The water 
powers as listed by the Geological Survey are distributed in 
the several states and sections of the country as follows: 


North Atlantic States: South Central States: 





er err 971,000 MONtRORT «0.002 ‘ 236,000 
New Hampshire.. 295,000 SWORMONEOO 2.02002 913,000 
WOTSQONE 6 64:30:06 0:0' 206,000 pT SN  Dreerrere 1,132,000 
Massachusetts 273,000 Missiesippil ...00¢ 75,000 
Rhode Island..... 16,000 LOUISIANA ....cc6 ° 2,000 
Connecticut ...... 164,000 DIES. 2 :6:06.04 0% 73,000 
MOwW WOGRic sc c00% 2,037,000 ORIGMOMA ..2.%0% 250,000 
New Jersey....... 127,000 EE cad auwuan 661,000 
Pennsylvania .... 821,000 a 

3,342,000 

4,910,000 western States: 

South Atlantic States: Montana ........ 5.197,000 
POIAWOTO .224200% 13,000 OS Pre ee 3,080,000 
pe gp ee 146,000 WeVOQUIRE cic cence 1,566,000 
Dist. of Columbia 13,000 COPGTREO: 2.0 ccccess 2,036,000 
WAR 6-434:0:0.0.4 1,044,000 New Mexico ..... 527,000 
West Virginia.... 1,261,000 eee 2,038,000 
North Carolina... 1,050,000 Saree 1,581,000 
South Carolina... 812,000 eee 331,000 
GOOTRIG. 2626200 752,000 Washington ..... 10,376,000 
POE sivtdnneed 16,000 eee 7,935,000 

—_—_—_—_—_— CAREOPRIA 6. cccwe 9,382,000 
5,107,000 ee 

North Central States: 44,049,000 

RO 6icscbeeerds 213,000 Summary of States: 
Indiana ..... ner aGioe 141,000 North Atlantic ... 4,910,000 
BIMBO 2 scsce a 414,000 South Atlantic ... 5,107,000 
pt re 352,000 North Central .... 4,270,000 
WiISCORBIN ...00% 804,000 South Central . 3,342,000 
Minnesota ....... 593,000 WONOTR 2c ss acan 44,049,000 
ee ee 458,000 — - 
eee ee eee 195,000 Grand total...... 61,678,000 
North Dakota.... 248,000 
South Dakota.... 90,000 
NWEDPABES «0.0660 439,000 
pS eee ee 323,000 


4,270,000 


Fatal Sawmill-Boiler Explosion 


On Jan. 20 at about 10 a.m. the boiler of a portable sawmill 
near Beverly, Mo., exploded, killing two and seriously injuring 
another. A father and his four sons were operating the saw- 
mill on the lowlands of the Missouri River. The engine had 
Leen stopped to make some adjustment to the saw. Two of 
the boys had just left for home near-by, and the other two, 
aged 7 and 18 years, respectively, were in front of the boiler. 

The explosion killed the two boys instantly, disfiguring 


them almost beyond recognition. The father was found in 
the underbrush near-by, severely scalded and unconscious. 
It is believed that he will recover. The boiler was blown 


through a shed and across a boggy creek for a distance of 
about 300 ft. from its foundation, striking the ground twice 
before it finally stopped. 

The boiler was of the locomotive type 11% ft. long with 
firebox 30x48 in. The front part of the crown and sides of 
firebox were forced down nearly to the bottom of the furnace. 
This was the only part that gave way, the tubes, shell and 
outer firebox sheets remaining intact. The firesheets and 
stay-bolt ends were badly pitted and eaten away by corrosion, 
so that the stay-bolts had very little hold. At some parts 
of the blowoff cpening the plate was less than one-sixteenth 
of an inch thick. 

The safety valve and 

p to the time of writing 
vith several inches of snow 
night. The inside of the boiler 
column and connections were clear so that it showed the 
true water level. The injured man claims that there was 
plenty of water in the boiler just before it exploded. 


had not been found 
this, as the ground was covered 
that had fallen the following 


seemed clean. The water 


steam gage 
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The owner bought the second-hand 


boiler about a year 
ago, when he was told not to carry over 80-lb. pressure. 
From the appearance of the boiler it ought not to have been 
used and should have been in the scrap pile. 

This is the third explosion of old boilers that has occurred 
in this vicinity in the last three years, which goes to show 
the great need of state boiler inspection and engineers’ 
license laws. 





Recent Court Decisions 
Digested by A. L. H. STREET 











Assumption of Risk by Employee—An employee of a power 
company who was directed to make repairs on a dam while 
water and ice were running over it assumed the risk of being 
swept from the dam by the force of the stream, according t» 
a late decision of the Maine Supreme Judicial Court, an- 
nounced in the case of Monk vs. Bangor Power Co., 92 “At- 
lantic Reporter,” 617. 


Negligent Operation of Boilers—When negiigence of an 
engineer leads another employee of a common employer to 
believe that an explosion has occurred or is imminent, and 
such other employee is injured in attempting to avoid the 
danger apprehended, the employer may be held responsible 
in damages, unless the “fellow-servant rule” happens to be 
applicable. This statement is warranted by a late decision 


of the Indiana Supreme Court, in the case of Stringer vs. 
Vandalia R.R. Co. (106 “Northeastern Reporter,” 865), wherein 
defendant was held liable for injuries sustained by a brake- 
man leaping from a locomotive after the engineer had per- 
mitted the crown-sheet of the boiler to run dry and then 
suddenly turned water on it, causing the crown-sheet to fall, 
under circumstances which naturally tended to make the 


brakeman that an explosion had either occurred or 


was imminent. 


suppose 
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Edward P. Burch, E. E., has opened an office as consulting 
engineer, in the Dime Bank Building at Detroit. General prac- 
tice is contemplated, with specialization in mechanical and 
railway work and in property valuations. 

Dr. Robert Grimshaw, one of the early editors of “Power” 
and the only living charter member of James Watt Associa- 


tion No. 7, N. A. S. E., of New York, attended the Feb. 13 
meeting of that association. Dr. Grimshaw is on a brief 
visit to the United States, having lived for many years in 


Germany. 


Guy E. Marion, secretary-treasurer of the Special Libraries 
Association, has severed his connection with Arthur D. Little, 


Inc., the well known chemists, engineers and managers, of 
Boston, where he has been located for the last five years in 
charge of their information department. He has offices in 


the Tremont Building, Boston, with W. H. Manning, landscape 
designer. 


William W. Cole, of 43 Exchange Place, and Arthur SS. 
Ives and Rolland A. Davidson, composing the firm of Ives 
& Davidson, of 84 William St., announce the formation of a 
partnership for the general practice of engineering, under 
the firm name of Cole, lves & Davidson, with offices at 61 
Broadway, New York. Especial attention will be given to 
investigations and reports for financial interests, inventories 
and valuations of public utility or industrial properties and 
design, installation or management of power plants of all 
descriptions. 


Walter N. Cargill has been appointed superintendent of 
power and lines of the Rhode Island Co., with head- 
quarters at Providence, and will take up his new work on 
Apr. 1. For eight years he was in charge of engineering, 


construction and operation in the one substation and 10 
power stations of the lines north of Boston now comprising 
the northern portion of the Bay State Street Ry He re- 
signed in 1911 to join the enginering staff of the Stone & 
Webster Engineering Corporation, where he has since been 
eccupied with investigations, appraisals and problems of a 
mechanical character in connection with the generating 


plants designed, examined or operated by the organization. 

Lyndon F. Wilson, vice-president of the Railway List Co., 
Chicago, has resigned to become vice-president of the Bird- 
Archer Co., New York, manufacturers of boiler compounds, 
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effective Apr..1, 1915. He- was born at Rush Lake, Wis., Nov. 
4, 1883. He was educated at Ripon College, Lawrence Uni- 
versity and the University of Wisconsin, and after some 
general machine-shop and power-plant experience, became 
an engineer in the service of the United States Government 
(Department of the Interior), passing examinations in steam, 
electricity, and heating and ventilating. After one year in 
this service, he joined the engineering department of the 
Western Electric Co. and was so engaged until the fall of 
1908, when he became mechanical department editor of the 
“Railway Review,” Chicago. In the spring of 1909 he became 
editor of the “Railway Master Mechanic’ and was subse- 
quently given editorial charge of “Railway Engineering,” both 
being published by the Railway List Co. He was promoted to 
the vice-presidency of this company in the summer of 1913. 
After Apr. 1, Mr. Wilson will be located in the Chicago office 
of the Bird-Archer Co. 





NEW PUBLICATIONS 





SUT 





COAL SAMPLING AND ANALYSIS—Technical Paper 76, of 
the Bureau of Mines, Department of the Interior, is a collec- 
tion of notes on the sampling and analysis of coal, by A. C. 
Fieldner. Copies may be had free by applying to the Di- 
rector of the Bureau of Mines, Washington, D. C. 


GEORGE WESTINGHOUSE—To those who did not know 
him personally, a reading of the Tribute, by Arthur Warren, 
will give an idea of the elements of his greatness and suc- 
cess, and of the fullness of the life which he lived. Mr. 
Warren’s association with the master was intimate and of 
long duration, and his Tribute is an evident labor of love. 


PENNSYLVANIA RAILROAD has issued a booklet, for 
distribution at the Panama-Pacific Exposition, describing its 
activities and exhibit at the Fair and containing a map of 
the entire system, which, it is claimed, serves 52 per cent. of 
the population of the United States. It also contains illus- 
trations of the proposed Union Station in Chicago, the main 
span of the East River bridge, and a model of New York City. 
A photograph of the last is also reproduced in colors on the 
cover page. This model shows the city just as if one were 
looking at it from an aéroplane. It reproduces faithfully 
not only the main physical features of Manhattan Island and 
the surrounding country and water courses, but the prominent 
buildings, the streets, the bridges spanning East River, the 
parks, and the squares. 


CENTRIFUGAL PUMPS—What is probably the most com- 
plete commercial publication devoted solely to centrifugal 
pumps is being distributed by the De Laval Steam Turbine Co., 
of Trenton, N. J. This book of 298 pages contains over 300 
illustrations, including centrifugal pumps for all capacities 
and heads and for motor and steam-turbine drives, diagrams 
showing the “characteristics” of such pumps and explaining 
the relations between impeller-blade angles and character- 
istics, interior views and views of parts showing the con- 
struction, views showing the method of manufacture by the 
use of limit gages and methods of testing, installations of 
pumps for various services, also numerous illustrations of the 
DeLaval reducing gear employed to allow electric motors, 
water turbines, steam engines and steam turbines to operate 
at the most economical speed when driving a centrifugal 
pump. The text matter is divided into chapters under such 
headings as, “The Introduction of the Centrifugal Pump and 
the Work for Which It is Adapted”; “Features to be Con- 
sidered in Selecting Centrifugal Pumping Equipment”; “The 
Use of the Characteristic Curve’; “Methods of Testing Cen- 
trifugal Pumps”; “System of Manufacture for the Production 
of Interchangeable Parts”; “Details of Design and Construc- 
tion of Single-stage and Multi-stage Pumps”; “The Speed 
Question, Particularly Relating to Steam Turbine-Driven 
Centrifugal Pumps”; “Helical Speed-Reducing Gears’; ‘‘Mo- 
tor and Belt Drives’; “High-Duty Steam Turbine-Driven 
Pumps as Compared with Reciprocating Pumping Engines 
for Water-Works Service”; “The Adaptation of Pumps for 
Circulating Condenser Water, Feeding Boilers and other 
Steam Power-Plant Service’; “Drainage and _ Irrigation 
Pumps”; “Hydraulic Pressure and Elevator Pumps”; “Pumps 
for Marine Uses, Mining Service, Fire Service and Hot Water 
and Brine Circulation”, etc. Tables and charts are given for 
determining the resistance of pipes and the relation between 
heads and spouting velocities. The investigation of the 
pumping problem, together with drawing up of specifications 
for centrifugal pumps, are also treated at some length. The 
chapters on “Pump Characteristics” will prove more valuable 
i) the pump user than many of the more technical treatises. 
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The chapter on “Water Works Pumps,” showing that under 
many conditions the centrifugal pump can handle water at a 
cost 20 to 40 per cent. lower than it can be handled by re- 
ciprocating pumps, because of the lower fixed charges, it is 
thought will be a revelation to many who have not recently 
given this matter consideration. 





BOOKS RECEIVED 
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VALVE GEARS. By Charles H. Fessenden. McGraw-Hill 
Book Co., New York. Cloth; 170 pages; 6x9%4 in.; 171 
illustrations. Price $2. 


THE “MECHANICAL WORLD” POCKET DIARY AND YEAR 
BOOK for 1915. The Norman Remington Co., Baltimore, 
Loy — 439 pages, 4x6% in.; illustrated; tables. Price 

cents. 


THE “MECHANICAL WORLD” ELECTRICAL POCKET BOOK 


for 1915. The Norman Remington Co., Baltimore, Md. 
> peo ag pages, 4x6% in.; illustrated; tables. Price 
50 cents. 


THE DESIGN OF STEAM BOILERS AND PRESSURE VES- 
SELS. By George B. Haven and George W. Swett. John 
Wiley & Sons, New York. Cloth; 416 pages, 6x94 in.; 
ee including several plates; tables. Price 
«0, 





TRADE CATALOGS 











D. G. C. Trap & Valve Co., Inc., Fuller Building, New York. 
Folder. Brown steam trap. Illustrated. 


De Laval Steam Turbine Co., Trenton, N. J. 


J Catalog B. 
Centrifugal pumps. Illustrated, 298 pp., 6x9 in. 


_ Pelton Water Wheel Co., 90 West St., New York. Bulletin 
No. 8. Water wheels. Illustrated, 64 pp., 6x9 in. 

_The Terry Steam Turbine _Co., Hartford, Conn. Bulletin 
No. 19. Centrifugal pumps. Illustrated, 64 pp., 6x9 in. 


L. J. Wing Mfg. Co., 
Bulletin No. 27. 
pp., 6x9 in. 


_ Gas Engine & Power’Co. and Chas. L. Seabury & Co., Mor- 
ris Heights, N. Y. Catalog. Seabury water tube boiler. II- 
lustrated, 46 pp., 6x9 in. 


Schutte & Koerting Co., 12th and Thompson Sts., Phila- 
delphia, Penn. Sectional Catalog. Heat transmission ap- 
paratus. Illustrated, 8%x11 in. 


352-262 West 13th St., New York. 
Turbine Blowers, Type E. Illustrated, 20 
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POSITIONS OPEN 


AN EXPERIENCED CENTRAL-STATION ENGINEER re- 
quired to take charge of a 4000-kw. steam and electric plant, 
containing turbine- and engine-driven A.C. and D.C. genera- 
tors, water-tube boilers and stokers; must be particularly 
well versed in steam economy; plant located 50 miles from 
Chicago; salary $1500 per year; only a thoroughly competent 
and well recommended man need apply. P. 430, Power, Chi- 
cago. 


Civil-Service Opportunities 


Competitive examinations for the civil-service positions named below will be held on 
or up to the dates given. For detailed information, write the addresses specified. 


_ ELECTRICAL ENGINEER (male); $200-$300 per month; 
for vacancy in the Accounting and Engineering Dept. of the 
Illinois Public Utilities Commission. Write to the State Civil 
Service Commission, Springfield, III. 

DRAFTSMAN (male); $75-$100 per month; examination 
Mar. 6; for vacancy in the Accounting and Engineering Dept. 
of the [Illinois Public Utilities Commission. Write to the 
State Civil Service Commission, Springfield, Il. 

GAS ENGINEER (male; $250-$333.33 per month; for va- 
cancy in the Accounting and Engineering Dept. of the Illinois 
Public Utilities Commission. Write to the State Civil Service 
Commission, Springfield, Tl 


